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/JJJO) 


4^ Loj «\ A^ ^i*H ^1 

(_^j t </II n 4_i—fli t "i_« 

^*-11 i^l_l^_3 i4Jmjl1jl^ Lt^^ 4j^—Ju_JI CjIj1 

3JljIjJI 4xjJL^ 1 CjljLua->Jl «Qj9uji i^JlII ^Jl^I 

(^jJI ilnj ft^llJI j 

jj)i^ til 3jL,ia..>JI 4j-aL^t 

1 1 >jj ^l^.ijtl 

4-j-o^L^VI 4-i£^.jLJt 3jl -fc.tl 4l4-)L£^ Luj.^ 

Ijj-U" i^lftJI ^ j ‘""j iLjjuj? '“■'3 ;ij| j £ 

14 “(j Jbj*J 1 4 _i>> ^JLtl j r- l^^_%JLa 

)_>. J—t,U_3j (_yjj frl <tit II 


^ ^Li ^ 11 jJL^j 

t*’ij '>- -jJ* 3tl 1 ju^ 4^j[_^ j>i !l oLai rii"j^VI 

4_^jL^iJlj 4 ^ 11 OJLcl— 

j ‘^ ^Lse-T^-L) Cj 1 -LjI£JI J ^ 

Lo ^ I 1 ai .^. a Lj.j-uij 

4 J *1 •!! Ijl «>N 3 tlj ^JjI iiiU 3 r> 

Lr^l (_7^ LT^ 4 J I nil 

. 1 * 


. ~ «1 1 L-s . ^ aJ oL-A. 1 ^ (j| 

» A J Aj ■%> 11 ^ <ld_jj»> tj_Jj_i _3 
lIlJC-i-loI i<- 4 -JjI >1 iij . ..-s- 1 )^ 




“riJ 


13 


L 5 -^* J-* 

...UUj ^a_Ltll 
^j T ~ ' ^ 4jj jjj ^ 


a ". AA ^ J-^l^j (atom) 

^^ 3 JI ■"it I . ■■ ^ 11 j ■ ■■ ^ 1^ t 

(elementary) <.^^i.. <^\£ 
. 4 ^ 3 ! L^L^ jaj ^ 







3 -^ ^4-LftJi o^ ^jub ^ j^j La ijL^j 

Jl ^A J^Ljuu c2jjL^ Lb^ i C.J \K j ALij.ajiji \ t gHj 

4.^j^ (j--a ^jlil ^1 I t<-w VI (^j\j Lt_Lolj (J^^nJ! t ^ i^~iA 5Lu-u Lbjl i"ir L 

(J-i-ljL^ V ^ ~ ' “ ^ ^ ^ ^ (j-^ 

TI (J^ 0 ^ pLa-L*-!! o^ '"^^3 ^ tJ.>^^^ (1>^ 

^L^l. ..^tl ^ ^ h iL q ^_^JL:- -w.“Xl j^ tiU_j_uLuiVl 

<MA j~ <uA (_^A^ Bjujliw ^1j_c. ^~< 4 I ^LaIaJI 

^Lc. ^JjqIji Tt 3 JuJL^ J ^ I >1J t LA-aj^*i ->-J 4jj\ A in II ^Ij^Vl 

uLlj ^LqJjlJI 1^11 lIjI jtf>LuJLI ^1—C.J ^ f 1^ T1 cjI jjbLilJLI 

I L^Lwf ^q-Ai.Lr (—d^m ^ j r. JljJu:^ ^ j i« a" 3juJLjv ^.^lIa-^ 


La^ .Quantum theory tiLi^L l-oA 

cjjI .^LiJIj ^LloL^JI Relativity a j i mfTi ijOuLjjl 1.L1JLAU-MI 

■i.A.t.,tl (j^.,.—a.Ii SjljJL:^! aLj—j, aJI aJJt 

^jl^ La f^\ .Modern Physics a4JbjL^l cLj>^ 1)) ^A-i-uLj 

ily£. cLjju^I Iju^ .Scientific Determinism gS j ^\ ^ j ^ * -^ti» _j 

CjI ■>■ iLi 1^ li ^j.A (jJJl^ 3-^^ 3 ^ijT^3^^3 U^ ^ jl' ^^^3 4 j I Mi.tij 4-^1 A~ *^V1 

CjLj-Ii-iJi iii__»Ji (jj 5 JI *Ijj— j__3 L^J Oj—JA-i ^ J a 1 

LbjLl .r. 111^ t tij .Laju^ ^aLlII fjub 3^ j < n a> c.a 1 ^ 4-^L3-^-^^ 

(^^Lajj -4^ (^jJI 05^^ 4 «.j 1UT ^g A(jjiLlJl SLp- Lrl^ 3 ^;-.ilL^I 

:^_^ij ^ AJUJuiu ^LajL) LljLjJajJI aJ^ ^Q-.b1 


Quantum Theory 

4j| ((iLL^Li (J-u£^L-a)) .Ail j-uajl Mi ill Q^-SJl ^ijLI (jr^ 

ljub j ' Ljo 1 jj 4iLiJ [^jlil ^Ls_JuVt L 4 « j .Lt 3 “ " 

3jUL1 cJlILjj La^ LaLa-) .CjI aj < II j1 .3^j t CjjjL>-j LAJJ^ > .".VI 
.Quantum .(^ajjI^w jI « 4 .a^)) cjIjl^jJI ^jla (J-o liL^L . 






j vi f ^ tl 5. i a j ^ t tl Cjl_uiL_i_AJ1 ^1 lLU!) 

iJ^JaJI ^.^t." J ^1 • .“.VI 3ju^ ^1 Cxij Jl^ i.24jL£^ 3j 1^^^JL) 4-je-A^jjQ ^Lui^l 

Ju^ i"iyi 3i 11 ut ^_jatnr 4 <vj<^ t^’ij'w t4 

(JI1 4J jjLu:^ I ^LjljIjV I (jji 1 (j I Jl^_^ , ijUL-a 

4 j |_^JL-fl 4 1 i f ? (cj_uaU (jT^ 4.J 

tfJLA JjU i<jJJj (_;r^ f.\j g ^Jl >11 4 • ih^L 4—lol -^ll 

4_jt ^_y^j-l,l JjIaJI ^ ^1_5jL_ii ^ j t~ oLj-LstJJLl 

*~i><) (3^^=^ tl)^ ^LajL^I SjLiiJ ^ ^ 'T j3tl djlj_^Jl 4 j^jJ 

4_j:^jjJ Ste ^ i ft <u 'v ^jl ^jji Lllj^ t (j3 "n tj_uaJl a\ -x iL 

. ‘ “I i^^LlVl 

Si i I Ml ■ ll ft "l t J L^J^J —* MlV I ' ijl *lO^^ 4 j *fc.U (j-ft 

ljub i J U"i^ t^ii -^Jl 4 xj <U 4^jJu ft "f ij 3jlj-j>Ji 4-^jJ Cr^ 

(^jdl ^..m, 1 i31^ck body a Lj »^mj Lwo t-iijj.—tj 

j "i.ij ^ ^ 4 ^ cl>4j 1 Llj-u fj ».j 4 ^if, <-L3.^1 ..,u,i!I ^l.iti <"iy i ftj 

uLl^LoJl f. ^ aAII ^cJaJLjQ ^j^"i ftj i^jJI j^-i-uV1 ^.fau TT U 4^L!ii,1 4JL>J1 

• I ^^ t ‘j ^ 4 j \^ 

II (Jj_L>U JljV 


JJL 4_LLft—ftJ 




1^ '**■11 ^L t uu*^ I 

^^^Xftjdl t-d^ L.a!I uSi^"i (_7^l V~i11)1 ^IT 

^ ^jJI ^Ijl-u^I ^Lft^^^j ^Ld-p.i-u i^LjuiiVI Ijl-^ 




ilj ^j-^1 IH !l ^ (u -^i 4 j f L 


jiJ tjU 


(J^^laJl ^jt-j (_j-tia_Sj (^jJi 4-^lj^l g" n tiilj i^l^l (j-uVl 


lj...<^ 


^ jt t 1 1 1 1 


^A (^jljL>i 0^3^^ 4JL>. 1 4 Lftj i^jjatlll 4_t_iii jl tie ! (2>^La Ij 

^ i^jja^ i ^ft_:9B-iJJ 4_jj>. j 1_^ 1 Cj I S \ | 1 ^ C Vi I 4.1:^ L--^ 1 Cj 1 j LaJ 1 

^ ^ ~ ■ -'j t ^ Jj_uiVI p ■ '■ SJL^ ^3 j ^ ft 1 

^ ISr, VI (Jj-LaJi (.1^ *1 ft 4^^ .ft Aj l_^jij-j>. 4^jJ ^jLoSj J^jjLSJI 

. ^ j * ^ • .".V t 



jl9Ul^l5jUlOA 


‘fTT \a L^Lflj jj ^ ".* Ly^! Li-Uj-^ 

CJ^ ^1"Tiiill j_yj3 4lujudj3 t Jj-ojVI ^cj-aJtU 

^Quantization of Radiation ^LtuiVI ((4j^» 5^^ 

ojJLj 4_1 (((-dj^tj (.IajIj)) ^^-<-uLj (jVI I—dj-«J j-j-ual OjIj j1jl 5_4 ^jjjLSJI 

.4!ijjL>Jl ^cLiJ 4 j^L(_u^I cjL4.x^1 *■ h = 6.626 X 10-34 J.s 

uM- oljJlJI C< 4 ^ t 111 ^jl 4^^-laj oLa^ic. |4_AI 

^Jj 4 Mt 4 pLj*} I ii a V| (Jt i'll ^j^4J V 4j| ^Ll^I 

*J-^T ^J)l in>0 J_jjl ^LLd "t t II 4 i3j jjl 

ijLlI 1^1 ^ X. t V 4J£L1j .liUj (J-4-^ i ^ t ir. 4^L^JI ' -.. / 0 ^4^31 .q * ^1 I * 

j^-UjJu ^1 ^1^*0 .". j i1 U" . ^ IJ . d U . ..J ~ a d liji ^L_>. j- .a SJl 

t 4 j^ 1^111 dJLA ^_^Jlji-^ ^ Irifau Cj Ljj^ t V i clj 1 ■ t—u 1 

f4-i-ulj CjjLuS Cj\ 4J I Ii7<n i 4 I iid l 4J) iaJI jLui£.Lj 

dj^L:^ (jA ~ iuljt 4-Ji£ (,^-^ i^jdl jL^yt I jjb (jL^j • Photons (cbijU^^-aJI» 
Jj! ' LiUjkS^, ^ ^t^ |xLc ij^>^ 

.5juJL>J1 ^4£LI1 4j^^J^ jj^Li_ii1 lIjLajjI ^ifl 


Dualism 

jL^L Photoelectric effect j^liJI jjM.di »I jI 

i 3 j-^ 4L4-I-S-II IjLA .((cIjLj^^j 9 » 1 a 1 4 i ((CjLft^^)) Lj^^SLa f.^jua}\ 

Ld-ij '^ ■ ■■ *• jC ^1 • i".! j-Aj i'>»n ^1 jL^Jj SjujLc. ^ji udLub ci 4 -)l^ 

(j\j (3^jj (j' de Broglie (c^_jJj^ (^-5» ^ .-.lij_ajI ^LLaj-ulj -^ ^ ^ 3 j_^tla 

4 _ 3 jl_i-l^J ^ 3 ti i ,.n t rt <^d I <tj... -^! 1 d 1 fy <v n U d • j 1 '< > t L 3 


4 t j IU 1 j 4>>ll jl i*if Lj i4-l^^l 

jjSLi (jl «dll 4j I ii-v^ J*-^ W\)^ >4^ 

4-^LLaJl ol^liii 4 (jlj i4_j£j_>. 4_:v^^ L 4 4.3j^.^^ 4jl^ (3 ^1 j_jj Ojj H 

(j-4 J-l -a- 4 JJLC, i ^ j 4 ^ (3^1 U~il Sjj-Jl (jj^^JiSU!^ L^ 4 4 till 

. 51J_iJ I 4‘l.ltL4 dl 1-^J-11 (J1 1 




JjI^jiaS 


4— ^jJL>>Lpl IjLj ^ ^ ^ jL.dJLJl 

Cjj-^IsIj 4^1 inll Cjljj a , ..Ij 1 LliTij^jOy I L^ JIjJL.^ 

j •>!" cjLjj^ ~^1VI ^jl 3^VI <(^jj Ml cjL-tuljj 

VI 1 Aj- j ■ .■^‘> 4j V ^jL4-t Oiffr^ction jij_i.>J1 4.i.^mi 

^III~1 tCjLj g _ > “i^!MJ 4-^jJ,l ^ * j ■ t-^n ^jL^uJI ^j^LujI 

ijK)) ^TV ^LjlII (_yj9 j rtlT (Jj^-i (jj I (I 'Oj^ 

3 j^ 5jjL^ L 3 “^ l) L^jJI ljVI ajls U* <-^>£>-^13 . (( 3 ><" j 

3'-j 4J-)1 cuj>. 3 jI_l^ cjLjjijk^SLlVl £)1 <Jii-ijl 4jV 

^^\Cy>%£o^ *4 j 4 j (j1 c~^pl 4jV 4-1 jL4^ 

■" J ..■■*-'! 4-J>>^£^1 ^ * J .Utl 3 tj. ~tl <“■" £)t JLJU L-)1^^-U3 

.(_^JJlJ 1 (_5i£- CjLwjJLIj 

U^l—OJ SjLll - Ml '^l 4_^l^jji 3 t _ 4 J 'wIj 

4_il IJ 4 > 0*^—^ < l^ i~j^ (jr4^ fjjS (_p3J)^ * 

^3^ Cy^ 4..3.11^,a ^jj jj_»u j\ «.lia>.^L^ (^V V 

^.i «n.-:^.I1 ^3~A jLJJL>tJ 43 j CjjIjjI i . \ ^c«l.(i'i ill 4^j.^ 4..i.,o53 

jjj-^)) (_yjLlVI (j^ *^.>-^ 4 j4i^ JuJl>u 4^-i <"i At 

^jL^-3_dj tUncertainty 3 jtl ^j^-c ^^1 jLliuVl ^ 

^1 "<£» t^O ^ J * J iL^tl ^^^LioJLl £)~^ ^ 1 . ..1 ■.. I 1^ a 

^j| jl "i.dj tSjjJl 4_iJ-J IIIljuk (j^ (_^jLajJLll 

.cjulaxj 4-^lj-a 

^lj^^_j_jiJl ^1 ^jLuall 1 jufc 4.jCijl^^SJl ^3>i ^ l>^3 

4jj-^ j»^^To ^Lc. ^ ^jJd E. Schrodinger odij' l £ 3 ^ “■ ^ 

1 a * 3 l 5 ' ^ L 7 ^ L 4 AX 0 J 4 _La_^ ^ 4jlj Vi 

4_^3JI O-tL^ |j| Lx 4 ^jjlx £)^xj Vj lO^lj 3 Llj>J 1 L-^I^ 4JL>. i^a-uf 

4 I llj 4_LixJl 3^^ ij * * **}3 ‘3j ^ ^1 -a I 4,"^ a jl 4j 'w 

^ < II 3~ 4 J "t 111 i>Jjk . LjkJUuaj Cjj- 11^ Sl j ">^11 4 nit a i h-v^LlI 

SjjjLill jLi.uSL)l 3 !^ •^£>^ L^jSJ i4-^jLaJLlj 





t j-^ t j ^ 

i^jja (jL^ <jt (_^JLa_i_oJj)) : 4 Ij 4j (_yjj ol j j-i-iJjj^-ij 

4" 1^4 J-}*^ A v^-l M - J_iL^ll-J - 4 j^^-I^ 1^ - 

IjLA J ^ ^ M * ^ ' 4_iJ^^jJI ^^LlJLI (3*^ 4j£Ll i3^^^.^.uJ) 

f.\ j i~iVl^ cjLj^j_dJlj cjljjJlj diLjj^ ~i*\iyi '“I t>aKJl (<djfcJI 

.Submicroscopic 4 j>4:^JLI ujj 

jtjjL>> 4j V 4jl^ 3 jU jI Ijl^ 1 ^ ■ Uj 

jjjjLj-SJI ji^ 43J 4_Sj^>Jl 4-1.4-^ jl 4^J ^ L^t 

Noises lijL iiij^_iluJI ^1 1 -i-tVl L^L^ Vj *^ 

4J^J I L^l j Ij-^l (J**^ <ji 3 jll ^Ju.4_^ ijjujL.J—3JI «Lijl JLiJl^O Ju^ (jr^^ 

.3, <lJ^V| Cjl^joi-^ll ^ ^ *" J 

(jj 4, j'lKjJ.1 iqJLjtJI 3jj 1^ JJ) ^ C7^ iJaS jll ^JlX !| ^ I ^ ;_gj l^ ).ll j 

j] 4,x,4-j.».m1^' 4-*j-j-UT1 ^c.ju3J JjJl><JI cIA-^ bd^ t L^xx.^aa>> 

i^jJI 1 U4.11 1^jl3j ^ U*jj t3jLL1 La-V.j».j 4.^xx^I 4,f x.i.Un 

. lU34 i^tl ^JL>..| ^J^*" «M t 1 ^ «jJLI 4^ 


Relativty Theory ^mmJI M jiu ■ t 

Ijl-^j lLL^^ Ju ^c5Lll 4j^^Jij JJ $ UJ^ '^‘ * U>-^^ lJ^-^ 

^3j cr^ Jlj Jxv ^ 1.^ r '"*j- jgU Ju (_yi^ 3 j! I 

' 4 .^" 4_i.i4ijtJi ^ A...1A! dj 3 jL£,|j ^ * j ■ u.n ^ i 1 • Tl 

^LlJI 

3j. 1 ^ I d "i jj. U l1 3 -u^j^.jlI I ‘ U ^ 11 ', \ I ^ 1 '\ * 0 ^ LxJ I ^ 

4 .X- 4 XI CjL>.l3i3^V1 IjuIj VLiija j.j3ju 4^jJaxJI *4_j_Lj_al)l 

Lo (JVjG^VI ^ (JxifejJl ^jpX 4^jjLxaJI 

(j-^ ^LjJJI aJJt 4_5e u3 (j-4 (33_3t_aJlj i^Lj_» 3Jl ^Jl^ Ct^ 

4j cIj j j 4 > Ull ^_^ll1 uIjI 4 III ^4-AI (^yJt ^JlAj *4-j^ "ilij 4 In 

. I I 4 Lj^i^ 






(jLj a.\£' id .^-sMI ^1 ^ “ ■"■ i 11 (jJjjl -1- ^ 

'.dLXlJj.^ Lq^l C7^ 

i 1 Ju£. L^jIj 1 ^ i u g I 4 L^J t^U 4 £.^^-i-u - I 

11 4 <^<ij .^t( ^^ 11 

>L^S .4 oLfc^ < III! J. li 'Tr T) Lqjlj <4 ^lUU CjL^^ f4iH ^j.ijl j 4 V . 

n-y 4 .j-ujJJLj 

I ^ ^“[ .^1 ^Jj^r«-i lU ^jO-uu-j^ 4j_i.4.u-iJ1 ^ ^jLi-t uLfauVl ^Ijuft 

L«^1 1 La,^aia^jJ 4Li^L^1 0^jL>JL) ^Juu ^1 I ^t (3j_(IiL^ 

^jl£^ ^^JaJI t Aj.JjA ljbjj_j C-tJjL^ilJI OVjL%.X l&lxl ^jl. V 

CjLi^I ~iu ml ^^1 ^IjjJj ' ^ < I ,^j£. ^ i>i 4 IjlA ^LtcJJJ Li-uLo.^-^ 

\~^1a iSj^ 4ijL^ 

^^jlj-uS^ j_);i3K.<j V 4 j1 aJ^J j^IcailLj C4 "u |j| Lli^LaV (jO-uuj| Il4J Lljl 

W X Y , ^^A j oJl ^_j£l uaJl 4—oLXr^^—uj (^1 
4 _ijl_uljJ| olxi^^iLuH ^^^Iii-^mI Liit^" * ■‘Jt 4jL_B i^^LjJl 4-a.MuuJLj^ 

d I . ..(U > Ajlj4.£1 ,^^.j^| ^..I .^aLui^!^ 

J[5^ L^jljjjJ lI!^^ rp 4.ai^^ C<.>.ujJ 4c.j_uiJI oJJt^ 

4-Cj_uj jLjfcjl * ^ lL\tl jlI^ 43^^-jl 4JJI—iiajlj 

^JlJb ^ 1^ -^ «I 1 jj . .iAX ^^u.4,^uJj ^ 4 li .1 <tLi L. uM 

(Jj_3ej_4-uil 4j| JJlj^ * I Jl*J (jr^! 4 iitiitL 

Li:^JL^I Lli^Lo^ njSjSfLjJ f-ijr^ (J^ ^ 4SlUd 4-^j^ 

^ ■ ■>~v- 4_i.i.ai_(Liiij ^Li.ul>>V1 ^Ijl^jQ 

i4.J^L-uV1 4~ j a I 4^W«rf^ 1 IjlJb 4JJ 


u \\ / ...Vi ciiL^lsLljo)) 


L^ di\. Jj_jl 4^L_i_uaJ 


UJL..LJI 


^ L S~ L-4 

^ jLi^yi JaLi-ii ji jLLlj Frames of Reference 

^ U 1 d A ^ilLa 4£[^VI ’^-^1 ^ n-^iU I CjLuiLj^t 

. jLlu-uVl claLLa ^_yjfc ^L>iJl (_yja ifljJiJI 03^3 (jIjJUk 

^j-aj tljljLj>.Vl ^Lt Tt. I u1 4 J I iiilU 4 J I tiLi-u^l 




5j^l 


<1 . <^JL>(J ^ JL^ ^ JJJ * ^ ^ 11 jLLi_uV| lZjLLsLLq JL^I jL^lj 

4.dJ^Jc3J 4 _C.Lj^ 1 IjL^ i^“ ■*■ '• * * •-L»Luq 

^ I 1 lH) Ljj| f2>^L4JJ * L_^J ^ )3 ^ '^ ** * (S ^ daV'i ^ A 

t~' i—loj I l_^L^_i ^. t .1 j_.i .1 a t.*.I ^ (_^j ^ 11 u i! 11 ^ ^ ^ ^' ‘ ■■ 

jjl4J)) 3j^U^I ^jjt ^ . 4—i-u-^ jlaL^^I <1 < ...*tl t 4_i^Lt.M <lx.L.j^ 

g-i ^ItJl “lI 1 4^L.i_uJI ^ • ■ ■■ 'Tl t Q^jJI 

Cr^ Lq-AJlj>. 1 u-flji ^jjjJJi (j^lj^l (jl 

^Juk Cr^ 1 j 51U Ij 0.5^ ^Lua-d <Lu_d_i-u 

*((^l_^lU ^4-1-ul 

(_j-i—4jiJ lijjJL^ (^j (j_ajJI JJL4-1 5j-ALId 4 j '>>lj j^jjA 

• 4_<ijI^ ‘ “ * -^1 j ..-N^ V| (^dlJl 1 aI i~Lt I ^ j .1»U t tt! 1 

jo^ Ju£. 4jf ^1 . MnI 1 ^.1^ . 4 j 11II iTI 4-ui1jJ LuajI 

:(jl 4 jxu 11!I t4li];!^ jio\jLA J>JJU lLUJuAi La ^LL 

1 X 4 \ I I = 4jji LL^ I j-^*" t i 

^lx2J1 Cj^LcL^I (J-a^ ljubj 


Theory of Everything JS MjIm ■ ( 

^Ij^_^| LLla£ |A-&I i^jji 3jl>.1j 4_i-u1jJ Lr^ 4 -«ju3J JlLa aLqIaJI l■ j 

(jl LiUj :^^^£LII 4ijal ftJi ^ J * J .t^ll all . t ^ <-> 4—aJ-®_l!L I i • 1, 1 

4jj_uLi_u^I i^jja 4 A^ -y-Z 03 SJI (jl Ojj 

(jjAj lit cp-^ (J 4 •">(4 k i^i^~ii^ 4-^ji 

i(^ti 4 ujJI c-a£^I^^SL 1I L^L^ij ^Li-u^^VI ■ t-*^ s^^ Lj^jIjI 

4jj«*ij o^J LjliLsB-lll Ijla .(-^IjSLll (Jj^ jl A^Vi (jljj-iy 

. ljL>> 4 ^jjlxo 

La.j-(_u.>JI j^Ljj jl i_)jL^o (J^AJu J . ..jl^l /• 3 j_aJI : L^Ij 

L^Lcajjj (l_^ljJj djjJl uLal—u^l ^ i3^ 4w. 11 

cjIjjJI i^Lu^I 





^ ^ L7^^ 3juJL-iiuJI ^^jJjl 3j_^i : LliJlj 

. a j . .,jUl 'i 3j^l Lt^J iCjLjj^j.^jJ1 ^ 

i^j£. I ^ "iS ti ... a . ..1^1 cLojjuiiaJI 4^jjJl 3^_aJI ^ ^1^1 

J_i_L.u_aj (_ya t_>-oL>. JSLiiJ J3-*J ‘L^J 6 j-^ L$ J)~ < n l^ CjI j lu -^1 1 

.« 4jl4^I JIiIa^L ^I^^JlD 

(_yJJ (j^SLlI 4JjoLjl1I ^ a"i^j V j£LaJl (_^ (jUla 

^LaJI j. j ... A~tl ^1 4_A3^ 4_j_4i£. <L^L>> ^ ^ i4.j-ij^\ lIUj 

^1 uilJj . jl>-1j 3jj t~ll Jl^LiiiVI ajjb «U^L^ j ^ JlII (J^j ^tl 

(^J <J^ '*‘J 4_aj^.L:u 4jiij lUll J:jIjl>^VI < iU*iV4 ^4^ 

jlj_>.jj :ijl]j (JLii^ .uisjL^JI j-=cj 3j_U-^ ^1 ^^uJsLLI ttjjL'>>. ^ j 1^ ^1 i rt"i 
J inf. JjLi-uJI ( 4^1 q < III! J 4_1^Lu_u51SU1 

4 j III jULml^ ^ 4^ 1^ <1 (Jjj I ii^La Jl_j^_3J_^ 

Wl Ji^ 1 1 1^ 1 1 II 0 1 1 

t-ji t ^ ^ ^ ^ J ^ ^ * 0 ^^Lc (ju ^«l^L!LjJI^ 4-^jL^I 4ij^J^ ^ ^spQCc-timc 
.^^^j^.Jujl!I ^^£111 a U, ..Ij I 4^jJ1 $:lj^j-d]l 

L^j-x L^L>u _ ^^L-i-uJI A I r.^ ^^'LiiJl cLj^IaJI 

cJ^ CijL£j «a ^ j 4 ^^^| 3j^lj ^jL>Ji 3j^l cl^ ^ J^^t 

fii—ftJ-tJl Llilj^l J ^' 4_j_4laJt I oij .^Xtl 3 Jl-^ ^ ^I 4jir -l-TuTI 

JlA ^V^ ^LlII (_ya cki^ Lr^ '^cll 

1 ^ ^ * 3jljj>.j 3^ i ^^^ ^ iJL^Su-uV Jj^ :^i 

. u>.j!iJI cjL^iwjIJ jl .^“-^Vl (Jjj-i-o (T. O. E^ ji J£ 4j^JtfU)) ^oj-ul 

t ^I^1 4£^j£ill| aj^ Q Lii ^>0 i Grand Unification ^j^\ 

;jj.3iju ^.L^ltJI ^1 tCjL4._u_u^dl (j\j c1jJl:>iJ (J£ 4^j^^j>. 4 _^Lc^ 

^ J ^ 1 al . J 1^ j 1 £ 1 ^ jic 

j j j 4.t a jjuub JL>. Ij^:^ 4 t A\j-a 3jlj.j>Jl 4-^j^ CuL£ \ a, Wf 3^^SL^l 
(^^luju (^jJ! ^LlII ^ Cr^i t^jVl 

tf 

. LaLoJ 3wL)JLr^ IjlSl^l 3jl^jjq 4j^^J^ t jIUTi ^I (Jai.'>JH 1 ^ ^jSd *4^ 






I ^ ^ <r . I i Ld JL>0 3 JdJl.>JI 5 i 11 ^Jl^ ^1 

LJoJ O^SLll ^jIj ^ ,_^a]l Big Being ((jjjSLII jL:?e-ijVl» a. 1 7tA 

Cosmic ^ jt 4_^^^£L1I 5jLgJJ (JjLa jL^e-ijl ljL5_C.I 

i i JL:^ C7^ lU_4_C^j ^ 1 I f a dul^ ^SS 

4_jl t Jlj>. 1^ 4 U iMj (jt ^j-SLcJ i^^JlJI ^ j >ili 1^ j"i^ j-±-t^\ 

JJlcj {"i I "f" 4JijJ^ L^jjJU 4 j^ }11 ^JlA , \ j. 4 ^i JjL*j ^ 

CxjL^ L^I (J^ \~^ i^jC, t ^ J-C,Lpj 

c-al 1^1 "i ^La lu-dLLaJLl cl>^ l>^ * 3, i **-“i a jlj.jl_iJI 

Cjl^LLaJI ^ j'v <d • I iL^.n L Ai^" dJl^jJLI 4jjJklll 

. 4 jt j IIr^TI 411)1^^ Clil^^£JI 411^^1 ^ 


Quark Model 

j.i-ual (jj-iJU ^jLuJl LuJl! hSjjJIh 4,xwl^ tjl (jj^^jjSUl l-Aj-ju 
i>a (j>-^ ^L-iJd ^j^ 5 jQI 

Cjljj 4-LalSLII 4^L1^1 1 ^1 iaLfv" . ..1 t a.1 aVIj L^L^ 

4 -^L^JI ^JlA i " . ..I ^jLjlJI 3 ^LJL 1 

, 4_i_u3jV! (J^^ ^LlLsVI cjLIa 

4-^jJI ^ (jr^ fc *j^j3 tlije-Ji ^1 jJl 

^^Iju L^-i-L^^j (jT^ ‘^-'*- ‘^1 t_iiij i-^]^ ' t jg j ^ 4_Lal£Jl 4^lUtn ^IjltcJLuI 

^ ^ iJ.dJLll 4 .j 1^^^ 4j^).Iad 4j^l^ ^ Ajl y er_l 1 4 ^^^jlII 4-L£.^i 

tieJjjJl dijl^ ^ 0^3 (j-^ 

I^j£. ^ a ■ ■■ V A eij, I; 'S’ “ 4 cIjI j pi 1 SJt tie* 3jjJ1 

4 3 ...M4 (—eiiLu J~^3^ 3^ 4_i-i-uL_ut 3 jl^j ^J3J"^ 

1 1^ n V ;^jJ1 J^.^1 1 4 j 31^ i A 4 _^^Cl^VI 3^Lu3_>JI 

4j^ '> "tILj 4J ^ 4 a i ii\3ll ij^ ^ d CjljjJl 

j i^iT 1 ^LtJI *4 

cijLjijj i3jjJI ^^-^3 4^1 JTl •^^Lc.L^oJI ^-jLIjj 4ji^«U ^j..:%IiJLj 





cJJLjJ (lUl-fl ^\ tlr^j^ i-iiJjJLl 

.(jr^JljJL^l J i^'lC ^ og '» < < i ^ l 5jj ^j-A jlLo f-iSy^ (J^j 

V 5jjL!l (jl j-Jii-c. ^i-uLiJl (jj—ill •»- LjuLii 

(_yjb «3jj» ^ aKa .lZjIjJ (_^1 "i !l jj 1 Sj (^jJl <i(^j-_^l jjjiSLaj t4j^ “ill 

V La (^1 lAtOm (J_u3^L1 a j a. iJI 4_iJ^^—»Jl 

• ^a.1 i ^tVl 

(4_^^^| |^j_Ljl 1I »“uV ">■ lu tJl ^jj—ill 

t ~ ^ ‘" I j i^L_aij^LJ ^jJlII 4_iljL^ l&JUu 4ijLiJ1 ^.j^JiiJI 4^jJI Cifci-^ 7i fauj 

t^ljj (Jj-* ‘ L^Loij n Li olj jJl ij-^* * »1 aitli (_ijL>»j 

^2)^Laj j.^V1 jj^a_s-^l (jtj * w.Vl i_L3L.JuJJI lZjL t^llaJl ^j-a 

<IjLb j1 4-ijJLja L1 )Lc.Ljl^| (jy^ jjj .^-^\\ ^..uaL^ 4-aa]aj>ij 

, A a I 1-^-^ 3 jLb]^ 

jl CjSitL~j-~t^\ ^J‘^1 >.iU^iLjv ^Lc, LfJUju 

4u^Li^l 3 jL>»j i^j£. liUAuJl l^^lxtaljj ^1 aL4iAJl *^3**?^^ 3' 

• jlj-ll ‘^LLa L-iJCu CjLj^J, BjuJLjv 

i^jull (jj-i CjI a—J—i-u ^1 (_pljl *J1 >\ 11^ (Jl)Lj-jju—Jl C^L-^ 

cjljjJl L^J^ L-kJCj 'ti>^ Mitll ^j^iJl (Jjljl (j 7 ^ aiVt^l subtitomic 
5jLa i^jja AjULI 99.9 i^ja inuclcons lIjUj jKj-^L 1 jJj 

cdJ j J—tj l| (jr^^ 4_j_^l_iJl 4 jL11 0. 1 4 I I iwJi La I . ^j^^SUl 

(jl »Lai-*-ll ~ ."w 1J 4 J , ..1 . ..^1 CjL^i <11 '^11 JlJlIjlII l-sL A"!^! 

Cj\ a j mi -^11 <ijJ.^J ^^j>.aj Lu-uo^^.1^ CJUUrk lIIjI^^JI 

4^Li_u^ ^ LLLa-il 1 ^ t^^il ^ \ t“.K w. ^^^All «-LutJ1 


j_yla_i_uJl up ^^j-ill lLIjI^^SUI t". Cjl^jl^^SLll (j-a a ^1^1 4 jMj 

SjuJLC. ^["in tui ajj , strange vj;-iJI ciJjl^SJlj down (^‘ ^"ill) 

.4_^1jlj 4__a^L \ L^ (JitLjl^^SLlI 1 ^ t J II < t"< L ^ ^ 1(11 

(jVl "I'w JAtiJL CjfrL |_^jlj-3 l1jI£j1^£LII SJlaLLo oV_^Lt>a 
u^* t '^1 (JjL i 4 _ J <^Lj Cj^ j ^ 1 1 "i La I"i c. 1 »l altll ijja JuJLJkil (jl 



i5jl3SJI^jSj^lOo 


4 J CjLxjIS^ «"< I iijlj iZj1_pLlJI t n 

<li[ uiu.^ UijJLj>- 4,ji A aJi L^ji ':^‘itl ^Lu (3^ * 1 I 

(jjJl JJjJl ^ttJjLilj (jjJLAjl high energy particles iSLkJi SLJLc: 

LAj^Ju ol£jl(jl ^jVl ^ciju 1 'I'sr i . 4jt 4lj CjLjL^ CjL£j 1 (jt 

4^I\jtl djj^lojj ^flavour a4.^SLi» 1 ^\a ^ < nj LcIjjI 4ijlx. n^l 
top 4.^4 -^Ij charm ^jjL4JI i,ilij juu 

d)Loj-ui-^Ji ^^Luj ^ Q^~u cjI£j 1 ^ aTi-lji (bottom 

.3jm pLij (4tj ilnli 

M. Gell-Mann ^jLo-L^ u^ cr^! 

Lfei S~ i 111 4j| (Jl-2^^ .dji oj hi'hII dllj tidJjl^^SLlI)) d, Li^ 

Finnegans (((jl j m' 4 4b5j» ml (_^juJjjV 1 t^lSLU (j-« 

Ijulj djLoJ-SUI 11 <0 Cj^ 4—L^ a \ V" I 111 jL^ t^\^alce 

(jl ((4 .^ISLj» 4_iA-ujj (^jJI ^ Lciaj! ^jLJjjiKj 4_ur I L^ 

Lr^ • L^ 3- '•i' i dJjL.;e^ 4...j, dJjl^^ 

. 4^jV 1 djL^^uij>Ji j fj.5^ 4 j14L.'^0^ ^LlLI #Lj3-iiiil 

O. Greenberg jISLm^jI (^j 

djM^( 3^ j-jiiSlil tdjl£jlj5Lll dlJjJ 53jd^ 

^«-uL L-dj_Aj jujljv. llUju \ _liujj (djL^jIjSLLI 3 ^ ^ 

(|ijantum d -j ^^n ic ^ ^t'.* \j ^'” 3^ »d j " tl 3.3 -!^^ LSLj__ 4 Llij)) 

djl^jl^^ 3^ 4^ ^Luj QCD ji (Chromodynamics 


L^jlj-^ ^.iu c ^JLaJI ^ j 1 ^ j 4 id^Lit^ BjL-uL 3^J * jl jL-ddl 4"i Mill 

jt L£j1_^_^ ddLi^ 3 6. ^ a 3^3^^ ^ ^‘ j^L> ^ 

. djl£j1^^^[JI 41 jLc. 

^jjjJill L^ljLjJ-dsj 4^jVl^ d-^L-uVI djl JJLX. 3 ) 

d A ^1 L ^^... r^.x djL^j 4-'»-a d(rt n^ (djLlja dJLC, ^| 3^^ 


3^ Lj-sc-i-uslj . 1.^ .Lfl ^jJiaLidJl^ d j .v^l ^ jl t L^Ij3Lj 

^4^"i (3^0 4x,^^(djLjj3-3^1 4^j) tdjjjj^" j jl Tl 4^J 4^ > 4 





^^^1^ CjUjijJl^I 4-Cj) y a jl J j3^' 4-C.j a J jKj^U 

^j_^1 CjL^ajJj—u IlLo tf'f'T ill ^ ^ J CjIjJjLIJI 

CjIjl>.j L^LIj^ cIjI ft j i ti '^ll (_;,I^ljJ1 (-.i^j-lll ^] Ml all 
1^ ^* ^L^-UJI Iju ^ .((oLjj.-il:wH d_U...IL ^ ^ lU_i^jJ1 (hoLSjI^^SLII 1) 

4 jl LjJ jl^Lj^ ..Iprcons cjU^-^^ ^j-^o cjLSjI^^LU ^_yii^ljL!l ^LiJI 5 r.. aI «a 

O^c-J-L^l i((4^jl cIjI m'XftJ UJjJd ((3jJ» (j-A t~il CjI <^K 

sj-jjJLfl iiiirtll^ ^^■4ltll j^rtll ^^3-^ 1 ^ i a jlj-Lt ii 11 jJ-a.^>u V 4 \ V^Lj 
OjI^ ^^^^1 CjL^j . ^S_iMJ (JdLoljj ^Utom^ V 4j1 i^jJl 

.«4-Jjl)) UL>. ju3 ^ (elementary) 

4ibJL^Jl 4 jLj^.^ljj ^tJl LLiJa^ I Jub ^ * 11^^L>. t 

(jlj (SjiJ.^IL<qj 3juJu^ ^ ^ j L^l 1 ^ j ^ Lcj t3j—uoLftJLlj 

(j-o 4 jlrL LjjCix.1 La jj c "it V ^j-ia_iLj LAjj.juaj 

4^1 < nil ^ j i" ■ (Jj ,« 4 ^tv^LLa LiUj jUlLa * J * ^JuJJoj CjIjj ti^" 

li^L^jVI . ^j..<.tL .IK 4.^Ljj) t jl-Lt.uVl JeatLla 4-C.^)— uiJ La-i.* (j-4^1^ 

Lt^I fr^_j-tJiJl 41^'v^Lq 1^ t^^jLJij[^_xfu 4lr^<aJ 4_i^l^^jJLl 

^jj—L^ ' ■ • L^4^ uiLii^ * I ig L^lj-j d_^_i_jjLJ 

R. Feynmann pi aoLfl -ijl_iiuj JL^ ol ur^! 4-5£j-iaJLj 

^c£LJl 4jjJaj)) :5jj) ^ JO U 4 jjI I c. ^"lO 1*1 alt (Jjj-i 5jjL^ cr^ 

..3«^^LLVl Jl>. 1 1 j * Vj ^J ^ 11 l^jO JlaTlj-uJ (^^^1 4jj L / ti 

j) TT 1 4 j qltll 4Jd^.jiJLI jjL**. < L^lj » l^ Jj V "ill ^l£Lai 

pj a 1 ^t,l ^ ‘ -i^"j ^jLa-lil j—j-i-jj ^^ItJI ^Jl_^ ^1^3 * ^‘^pj--4 * "11 

j Jl ' •' CT^ j- ^^^laJl juaj ^^LJJLj 11 ^ ^ ^ 

4 a_i^ 1—^ JLftJ ^ I Laj Ii_u 1^ 4-a J ‘ J1 j^ i < ti 1^ tJ^jJL 1 

CjIjl) LJlu^Jua Ij^ ^ ^ (jVi .aLaJu^l 1 4_Lrti ... ill 

(.fjjJji Vj .4_junj_^aJl 4 . ..1 AM iJjLlLLI (jT-^ij 4a.uj^^?tJlll ^jLuJI 4.j_d 

^jSLUiJ CjJL^G ^_7^1_3 i^c^l 4j_^-tkj L^J ^Lllil i^jji ^Ij^j 

4 j ■^tlj 4^jJI ^ j • Lt^ 4 j a 1 tl 1 1 j j«"t |J^<L>- Qja ^Ij 



liSjl^^l ^1 


j 1 , 4 —Lj_uL I u ^ I I ^ I . .. -^ 1 

I^JL_%J1j ^L-C. J * ' ^ fl-j A "V. Lljt 

4.4J.aL^ l-mJl_^ ^LjJk^£. A . .. a\ <^Ijl^ 4^1^JL) <G_ft^j.Lij 

^LoJ^ ^Lu O^ (-^l^SLIl 4j.4Jkl ^L3 Lli^ 

^a£Lll)> 4 -jL 4^ jl“ Vl .ol J I ii'^l .^^.“11 

iZj\j. u>,L^x^ dL^L.. 4U A>* tj\ jl-jlj LiUjj iThe Odd Quantum 

4."tl (jAJi u 1 ol! 12iji_aL^ LaL^I jLi) ^yA 

^Trom .((^^SLJl cijl£jl^^SL!i ^| oljjJl (jja» :(jljj£. ^c-SJl 


iL^L^ ^ ‘LjjJil !;;<! .Atoms to Quarks, Along the Quantum Trail” 

:ljIjSLU (jijj£. (L^jj it) «—3^ 1^“!I j-^^1 1J-A (^jjQ JU^ (jt 

i,.,*i^i^\ ^Lj Ll.ja 1 jL aZ. cl tac-u^-JiJI L>^'^ 

LA^ji_^Iaj^ 4..i,.^l,«,ll 4 ji^L2j <Ia4xJ ^| ^1 4~.aI 

^Lj — ^Lj ^ tJi 1! I j i*i !_!■ 1 0^ 1 1*^ Lj .. ^ . ■■ A <T ^'^ ^TI 1 ^ q j .1 l1 11. v^ , 1 ^ \ t ... 1^«! 1 

4 JljJL>Ji JkJ^I d^ju cIjL 2 jJjlI 1 IJ i^ljLLJLlI 

d I \ir- (^i£, Loj A* A ^j-u-oj-3 iji-i d (jj^ A^l—ual La ^^l.J4J 

. j 4 4 K 1 4£.LijU 

^ L ..L.. jIjUmo] j-iJLollIj ^jj 

^^-^IjuII j^LiJI JL?Cw 4 Lajl^ JjjL:^! ^LAjjI Pd ‘((4 ^j-sJL1 ^Lc,)) 

.4^^iLi_aVI Lojal «Lijl f^jja 4-uajjjLJI Bji^Lnil 4 ^Jl2jj 

(jLILlII ljj 4 JJ J 4-'*vh tjl U1 i jLjua.dJI c IjJ (j^ 







(PJXSO 




lJ » <1 Ijl^ 


4.jl^L>» ^ j ' “^J ^ ^ LL)L^ 

^Ijjj tjL^ . jL3*lj J-t-a_3 SjJ, (jj )"< 

Tt j ! 4ii.uJI ujMlaJ L>-j "1 a 4_SJ.>Jl 

\-Aj ‘i *n1 |^JLw 4 oL-Cj_u»j^ 

(..JLLiJI LiL.^ Ci^L^j . Ijlx 4jvcjLx. 

CjLxL^ lIxjL^j 1 1 S* i 1^ 

:I ^ cLj JUeJLi i ^ j ^ “Ij jJI ^ ^ I ^I^ 

^4.^1 ^ ^ “"*' 'J^ ^' L7~^l 

L < tj *oj_s>j j _SJj .Quantum (^1^1) 

4__i_jLj^ 4 djLLI fjl JLjl.) 

^:iJ .. 14 ^" A t A 1 ^ LT .U 


lIUj (J-^ I ii f " a [*d ^ .3jL.iiliJ 

cjL3JJ,.4 ^aV'i ^ A ."<1 tj'". ... A Cjlj (.ij Lx. 

' ^ ■ ■ .-Ml 4j^^_taj 3 U,.. . A 




^.Ljj—J iSjjJl^J i(^l .(xw^j_^J j^ 

^c^-iJaju jJ • Io^Laj . t~tl ^ j . ..-^U 

a 4 CjLxj-lojJLI ^JLA I t 4 1 U < u,4 

. jujJLI 4_iij—*_o (^1 i^— aLL^j i4jj_)LiLJi jjjijljJLl 


^ . ..i i7ji^j ^ La 

LLa^j J"-**. « 

L 



Sj^l 


jL7i-jfcj (j1 i^u^iSLILi 4_^LJiJ1 4Jcu II jl-aj jjl-c. 

4.j^l 1 1 j> 14 _jMil 1 II jl jaI^II ^jIaJI Jl>>) ^ Ml 

.cjL^LmijVI jI ^“i*.(^^^-^1 cjI^ 

CjljjJI <L_dj_ikJL l~>1_i-ul (^ t (Jj un_d ^ ^ji V I J-I^ l_^ fj t 


.LdJjLJ (3^AltJ La 

cjLg.j) , iiji.1 til L^ 4 j ^11ij 3jl */4<a cdLiJb c^L£ 

\ *-^~L^ lLUI}^ ^^ jmuJl! i 4 a 1 '>iU 4 i^ 17*^ ill 

j^-ui£. '■=* j**l I q'"^ i4_J.d-t^J 

4^^^1 CjI gj III-^11 (L^Lj^^^Loj 3ljalj 4^luJI oUsLuu^^lj 

^ 1 ^j-3 <~< I f j ^_^lKI ... 1 Jl£Laj i LiJjIj^ll 4-jjJ l>J 1 5jjj t^l 1^ 14-alLiJL 1 L^_C. 1 jjL j 
^o^L-fl-a 4-a.X -31^ 11 jLLd^ 

i^Lub (jSu ^ .|&LjJ 1 jj.ua.aJ1 ^04^ (j a«"l 1 ^ju) t^oSLII 

-^*11 L> ] ^oSLII l^j->i*C.j ^ ^ ^oasLi^Jl 4..axait-jJI L-ta£D1 j- ^^laJL) 
^ ia ^ ^ Uj iJl L^^lalJj t (J.U j^jJl^LJl 4i^j_a 

^\ a'‘i 4 .ajIjJI (_iaSLI1 (jo) JuJulII Liiloib 4 -^Lj . 4 liJi'tllj ^cLlII 

(^ 11 i- ai ^^ I t IjL ^ I J ~“^ ^J ^JJ 1 ^ 1^^ I 4 L7^ 

CjljLiiuVI jt cIjL st-OdoioJIJ i4^L>Jl1 cli1jj.^lj i4.AjILaall CjL<.uLj_3J1 |>1 A'Tfc."Li.tilj 
i4_iLi_=u Laj^j ^.\- ^'‘t 1 ■■“ dJuJLC t ^"C Liiaji (.iJLLA .LiJJj 4aUlf Laj i4_aj^4_iJaJ 1 
^4L^IjJ1 ^ -.^"X ^ 1 i ^jja 4.^^Li^ t-ii Al^"; ^ Aj CjL^^ie^ Lr^ ^J^aTLuIuJj 

.(^jLaJI g" aI cjJu^ tj-L»a.cji*Jj 

CjL^LiJLLj t \ Irmij Lft^j..a ^Jo^o ^^^1 c—u^i jJt ^j^-uu ^ La 

jJL^ ^_}aa^jai 4 ^jJd 4.^La^ljjJlj 4a.aaa^bjJ1 4 juju^I CjIj (JjLIjJI 

1 L^ mIj^j 1^ y aLLoj |a£JI L$[^L^ta 4jj IS il j3>il1 j.AjaJI La 
^^juoljo-ll t—iLlCJl |jl& - aj g. ill 4.xua-<^aibaJI jl 4_Lj^l ^^^^IjoJl (jjJ 

‘ ^ ^ jg * j j ^ t A. L.^ /1 ^LDl labjLajLC,L 4 _jLh_ujJ 1 ^L^JLl i>JLA ^j-a-uaoj 

j-j-c, ^LqIjlJI :^5LLs^lj 4_^j « 1.1 ^ ‘ ^ jj ^ 4 4 il^i_->_a 






...A ,^1 tfilgLill Cy^ Ljajtj t^c^l ISLjKj a ^\Siy^ U^ .^.^^“11 
.a^Loj^Ij^I cZjVjLlII^ ^^jji cillJjl 4_L^Li^ 

^jl ^fl-4jl£La|j *0^'v" i U cjIjJl^ j^l ^~ij ^-5ft_lJl Ijla cjLjSJI ^jl jl£JJLI 

(^Lj£1JI Ijl^ jJ‘5:^ ■ ■■' La Ijl jjujui_u eJtj_i_uj .4jja a^seJuuaOu 

. d I A I cZj^Ls-a ^ i < >11 ■ ■! 4_i I 

^ L»^j ;^jJl jJl^Ij Lub CjJjj ^ ^ ^ :CjI j ^ 4 .al^ uLJLLa 

J5L>- ^j-a (J_iJa3l Lr^ (.^LiJl ^ aj (j^l rt all 4»j:ej^_^_t^ 

.CjVjLfLlI lLUj A.'u ilZjVjLlx «La^jJ1 L^o^Loo^ 

l^-j )i£L>-a (jL) 0,9-^ (J^ 0^ lAJ (3>-^ lLILLA tjULlI ^J.j i i u 

s 

4»cl y ^JlA (j.a—liaJ (jl IIL-^Js tiljVI a "i ^VL ^ < 1*1 

^ j 1 < a 1 (j-ajJI ^a Lbjjiaj ^1j SjJiAa 4 ^Lj-loI^ 

t"tl^lU.^A |>j,n V"<nL ^Laj)itl1 La Ij) "<')<■ a ^1 Ijla^f oj^j.±^\ 1 o" n"t^ 

(^I Jj-aJL (J.3tj ^jLj 1^j"i^ t_JLLxa j-^ i^jLSJl .j->*T t4^1 ^i,iIoljj 

M->> <~.<j-\i (jV j-^T (^J L>^ "* LL)W~^^ " 4JSU i4., 1 » oVjLt-a 

.provided gratis [I 4 UI LL^ 4J 

V (j-UiJ ‘.u jLjSLII Ijl^ 4.U ^ ^_,-A ^a£Lll a 

5j. ^ A CjLljwIj^ (j^LaJLiVi 4-^jl a a 

iCjL-a-J—<-u->i-li ^Lj^ j t4—>Ji 4,^1 iii.tJI t4 j..fcu jlallt-^ j^ 

. ^ 3^3 

i4_-»—5e__Ju_L 1 L^jI a \^ LT^ (Jj— a—^L j j 3l (jy-Lij 

, 1 11^ ^ L^Li^^o 






I 




— ^A^A ^_j_(jjljjJl pLjtU j^'^' 4_t-4L>- 

: Ljo Sft 4 _iSLcj p ^ a ^ 

Ijul aULl (J-**^ Lt^^’ 

^y-LSK^ d-Ai^^._j_A]l p^^iiil ^Jj .S*!!.!.1,1,0 


LH® ^ <*| A' vi 1 5jljj J *^l t -J y.\ _ dt 

jjSj tji J 4 "i •> . 1 1 (j-« ^! 

^''' • “' jLd I. -.1 ■ ..Vl j^^LJLI ^ I 

1—t-uLi-wl (_"<'>• -iJ 1 J-U 4jl^ , d . ..1^ * 

cjI ii j lU^iTl cjljl—z^yi ^j-o Jij)-LI 

d A , Ot \]{ 

J ^ Jl^J IjjLlajI 

pid ^1 ^ J^dL_ail (jjLi^ tjl jjL 
iJj-lil \ gif, (±xJe__Jlj 1 ^ t 

• ((4j^^.jiLsJI ji^^ 4 .j^jLi_uJ1 






Iju^ c^l—^ ^j-SLj (jl ^ h 11 (.-d^.1 


UJ) "*1^J ^ • 1 ^ 1 J- ^ ^1 "l^ 11 ^ ‘•■A L^nTi ^ jj I 

p.n -13 I iu,j^J ijL£ jJl A. A. Michelson 


t u a j_yJj jVI i j L^ j -i_iJ 
- 1^ 1^ (_jia f I ^ ■ ■■' ■ "I 

hIjL^^I ^LjjL£^ iJ/u 

Luajl ijl V| ."tt li-^ 11^ 

. l^d-i Aj l^l Jjfc." I l.l ;j$M 



i^jl9Ut|^j6jUlo>o 


^l_^t ^ i^KIl ^jui-dJ (J^ ^ (3^~^ jLd-d I^dl JL-jI «Ljj..LA)1 

j ^ ^ [.^>1^1 jjl—iJl ^LaJI LjoI CjLcLq 7<-rfc.*^l Jl:>>I 

^^AM (jT^ ^ .^jl_5j (_ 3-l^ Lord Kelvin 

lju i^j-^ ^Lij ^ ^ ^ ,4_J^iJj La ^L-j-S (^jJI Cx^jJl Cjlj 

'Ljjl^ lLLLljJI^ I^ 1 i <. .i_lI d • i*.iVI I ^1 /.. i 1_^ 11\ jljlj ^'' 

quantum mechanics ^1 *^UJ1 kjLj^\ 

d L>* .inf (J^Li. <l 1^ ljub ClJJL>.J — 

E. W. J-^-c^ i4_i.ii_^ L)^ ^ oi 

K ijw 4 A.LilLjKj1 4-1^ l^ui 1 cdL j^UA^ ^Ic. ^j^\ ^ (Merely 

JLj S ^ 4_i^L^I 4_jl_j_uuJI 4j^^JaJJ JLft-J ^ ^ ^j^l—uu^l J y 

ijr^ (-k^^ 2|3 jL:k L>^^J 

^1 j3 L^i5i^ ^ t jjj^ jLiv^* j»^l> 

^lj[jJI ^JlA jl i^ J i^iC ^j_ullJl tjj^^ ^1-4^ ijr^ 

lLILIa^j — ^jijjLJl ^jLILjlJL^ .4_djlj CjUL-rtjl ^^\ L^J (j>^ O^ Ul 9-^ 4j^i‘lt 'Sr "tl 
LjI m I t til LT^i oL^ C LjL^ “ IjLA l^^L<-u ULiO*^^ 

4_i^Ljy_L^| Cjldlul 4-i-d:>Jl tCj-O-o^^ Cf^' luIjL^VI iZ^ 

jo^f jLd5 . j. Iuf. j^Ljl j (jj-SJl jj)L"i11 4 ^Lc 4L-j^ (_y]l 

j‘ “ jL[ i*11^ .>^n 4.^^jJll dj 

^L>iJL CjLjjjG d cd.>ij|j 4JL>>^^ jdaj cr^ \-JLji 1^_s-lojj 


.^qZuI^^I 1$Li: ij 1 5_L^ 

II pC t I 1C I lie I All S 1 ll . ..11 


a I> LjLi-%-1 I 1 ^i ■» iU 11 1 ^■> •^~t_Ki > (* ) 

^n.1 I ^~ ...I Ij^l - 4_.i rtCII iC iilC il 1 . d j "ul^CII 1C . ilCjl 1 


d 1A f^ii \ ^1 .^"i ,^i a Qumitity " 41 ^C" ^ /^ic ^ jjU\< i i» > ■<?• 1^ ■ ~'i ^ ~n ^^^1 LiL.>J^ 

. j-dVl ^ ■■‘“‘1 ’ V l ^~l Vi .",. Quantum itcLa^i’ 4.4i^ 1 j ^ 1^-1 1 ;5 ■■■-•*' 

^i£.j-LM j_^jJI jJ^ljijJI j ii .4 ^^■»*ijl > 7 j^ • -ICj a jijjeJujjl (*♦) 

ij-Gi'tiijI 1 ^if. (. 7 ^^ 1 ^ I iiiL 4 :ar j~t JI U t ~i 1 Oj-a •*.'JI i» juft I jLc .1 « »j)t^ll 

4 jj III i !l 

. |»^ ^ • V ^L*iJ LT^ 03 '-‘'° J(♦♦*) 





(2^1^ C.ULAJUSJ A^jJl " H jljjl^ 

t4j-jjj-:^l L£[^1 JjjJ LuLujf LbJiibjIj ^L^&Jj l£[jal.ijjJi 

5j_5Jlj *iH) 4 _^jL^ 1 tj! ,j I ~i ^ LiUj j. A c.^ 

t LjjjbL^ j j 4 jj—u La ^ ^^ LaLaj d ijl^ d 4... jUkl 

S^JJLl l£JLLA CijL^ Ijj La t—3 j-*J ^jl ' *j' ^ ^ ^J1^ 4jl Vj 

(4j ju » 1 n (_y4Lu®l ijJLljfc Jlj La 4jI ^_^-1jl^ . jJl iSj~* 

^jSLl . 4 jj^_i^ijl)I jj . .XU 4 _ujjLi_iJ 1 ^jJl i^yi 

i ^ 

w.VCU» jj 1^ "iTl 1 jub * I JL^J^ Ijb cLc.L4_uJIj 4 t 4»U J < n jLLa^l 

^jL^ 5 •Ua stU^ fjl£Lllj (jL^jJl j t "< *) jcJLjfciJ cl^SsicHl 

JjLulJ 4 JJL%-A La jl Ml A L7^ A La ...t aKj Cj|j J* 

^LirfO ;^jLll djddJI ^jjUJ La^-Ls (4.Ll>J IjjLSfc^ La LISLa 


I^LaI] IjL-TLiA-A Ij-_■-... A* 1 S ~t 4 ii j 5 :v JlIaj 4 .jfv.j. 4n^^4£Jl aJ^ 

^ fi 

jLljVI ^ ^-j ' ■< » ^jL2La 3j.AJLud Ll)L£.^^.JuJi (J3^ ^ a. 1 i^ 

LDIjj-i^J 1 j aI ^ ^ C^j_^ 4 j ■i_(.4i-J 1 .oljjJI ^jl a a j 

>1 ljj_^_uaj ^«SJ1 ^^^ CiJjbj 4 ^La^1 — (jl£LLI 4^L(!l! 

4^1jl1Lj LdjJlJuJ.1 14■ ■■! >..^Vj 44_LAjail ^^Ltil 3jA.JeU ^jlliLllicA 1 ~ 1 ^a 

.ujLSL!I ljub 4 .j 1^ (J^Liij fcSllI KjjI£La 4a^L^ 


2*IU*! 


4_:^^f ,j-eaAJ VLa^] Cj^ L)^ * LllLvj Iji^ jjl l-j^LjJLI 


aj.^ 4^jJlj LLa j ilAJ A^llj 4 4 iM^^ a 4u}I1 

LajjJ (..r^ III *"i>i) 4 £jac_1a <i jLtS't Cj Uj Mi-^ system 4ji^lkL» 

.potential energy (j^>a) illjj iy^ oVLt/i 




xSj\sSJ\ tyjj SjiJI 


jL>.ljjjj (jl L^ ^ I u .^J j2>^L4J t4.iSLj ui^'lSLlI jJo-iil ^ 

.(^j-lJ! X d±^\ = ij }jjtijl 4 ^) momentum li ] ^ ...r.<. 
4 ^ ^1 angular momentum ijjljJl *>t>lj:iJLj 

Lu^l IjL^ . I 4^4^^ ^Vju lL 1 j.^&IiJ 1 4.J-4^ l Aj <“^ — 

4jL^ ^ **J ^ 4 t ^LLaj I ii-^tl 4^Ll3 JlxLj 

edj-stjJl 4 j4 ^ *^4^1 t^^Kj 4 j-la-) 4.^ ■w^ Lol , JL^.^1 LajJ-jcj 

« 3 L 4 ^)) ijr4^ ‘.discrete ^4jjua_<lLo) 4 Ij t 4 i 4 j 4 Vj jL>.Lj jjl ^ t V 

(JLse^ jjj i^L^ Lri^ I jl 4 ~ ^ 1 t 3 i. 4 ^^ ljLjj>> I 4_^L!^I uU jl^ . cjuuntizcd 

aj i <Hrt“ j.'xjtu i^jJl discretization jjljJ .1 Iaa .s^^l 

.^cSLll quantum ^cSJI 4 . 4 lu» jL».jj i^jJI ^ lx .. .. mc 


JUsaHI 


^ ^ jJiX^I d^LsJLI ^cSLll l£^K jl 4-^1 4 " 4 '• , .^!i 

CjI_ 4 J ' ■■ > ^ _OjIbJJL 4.U_i-uaJL 4jt LiUj .4 lu^ism IX \ iKj U ,^j£. Li^j_x 4 J 

iSj' J * 4 Lk i iil^ 4l^ ">J ^1 LjoL4-i 3jJL:e_4 L^X^L-u 03^ 4__iX . . .. M < 


iJ1jLi^4Xj 4-uaL»>iJ1 uljLjlu.jJlj - j . ■■ -^tl ^^L4L>J t.iJjjerJl 4 j ^ 11 

a AjU\'.H state ((4JL>.)) 4 J ^ . .,\ ^jl La Lr^ 4Ji->J 4 jI Liljjtill 

.4_4jiajJ,l t 1 XjaLij^ 4 ^jjc4 ^jX4iJ Lq jJXj i m i n lII Ij ^'a 

t *" J t-dj-3tjJl 4 J4.X^ i^LiaJl ^J^L4 t^ Ua X ui!Li_A 


^ t II Ti 4 jX_L I n^tXJl iX ulXj II .LiJj_5e_^l 4 j <uXj (^J- ‘ • " 4j^JU 

LaLoa 5j. I -a- 4j 03 ^ 4 4 a . . M n Cj^L>JI ^ ^ ^ ^^^U > 

- J; JJL%j j-uuoL^Jl . La 4-^1 Jl^I 4j£i^ a^, \ ir a ^L^JI duLX I jl 





t *1 UlU 1 il'i 4 .j14. 1 TI 4^IJl1jV1 lZjIjL^I (jl 

^jl V jt t^j-SLxjj .oL-MiLj-SJl (_j—fl ljL^jVI ^ ^ 3 ^ 

4:1 ^1 .jl— lI^VI * 4. Ljljj i_iL^jVI Ijl^^jLIII jJ < ■ ■<11 (j^£Lj 

^JLC. 1 j K \ I A > \ ^ ~* 4 4i 1 II JLj>. J_:^^ ^ t fjL^I t"ij "w ,jji 

|C_J (j—(4_^Jj 4_^j-:>o 4 I ii'K ^ JuJl.>»j (jJJ 

' » * Vl Ll^l L ^^^1 , 4 _jJ_i_2.1j.u_ 4 kZJ^jLSCJ J ■ i" 11 L 4 lLILI^ 03^ ^ 

La LiJj_j>iJ 4 j 4 ^ ' 4_taj>J jJ^ l£^ '» ~i a j j t ;.^-iLa ^ j < n 'v jjl 

u A 

. V j»i till j 4Ji3.>U (^Ll4> L^l JlI^ 3jJl%^ 

1 LLA La 4 i a ((^L>.))j .^0^1 1^ ■ >1^ « g I *t ((^L>JI» ^ I ‘' 

4j1 4 Aj b\iti Jj^ Vi 4 ~ -^.1 4_IL3ij-jLja (J^» 1*4 r>t t4^lj 5j-ja 

4.j^j ) II^4£JI AjjvLoJI JLkJI Lq^ i ^jIs iU JJ *" .((4ifiX>J 

Ijj L 0 L 4 J 4 jl.S_" ■,.tl iJl)VL>Jl 4^ (^•LIl ^‘fc-iJI (^yl^L iLaLqj 

^ jjl L^sJ I * LuajI Ll^ jtll I. t . La 4^1 JljjI 4 IX-^t ^L>Jl 

4 J 4^ II ^L>JI ^1 jj" 4 *1J lju>- I—3 V "1 •>-1 (-fJLu^ * (J t 4 " I III! 

j^L>o l-^lj 01 J 4 I ti ^jlj jjl.>ij V cjUcintum stu.tc 

^Jj_j__U )3 4-jJ I 4 ~l ■'^ I J.4 ^1 ^ <*J Ij-Aj -L ^ 4 lLUj CjVI 4 ■" "*■! 

It <>tj) 4 "l 4 La ^ 4 J_i-iiJW ^-l^jJL 4 "l '^.Vl I 4 l1jVL>. LiJLub 1 jmi 

1_1£^_4J JjL J^ a ^jLJ Jj-SJl cltj_3tJ j^lj 4 “1 4 ) 

4cjVL^ tiJLljfc 4 j^L ^j.4 (jl *"«^-NI , \ 4JajtiJl 

dLliit Ljjj-^ lJ^ Lt^ ^ j 111 T-^Jl jLji^ljJ (Jo"! J Tt-J 1 ^ j 4 

oVLx . L 4 J V 4JUJL^ CjVI 4"l '>-1 LiiL-i^J .CjLujLj -^1 

(j^3 4"ij^ tciJ^ ^“tll 4j 4^ L 7 ^ I IJ-A <, i^ lu ij .lLUjj aJJb (yu lL-ujj 

^\[ "^Vl l-^ *jjj~ (CjVL>J 1 ‘ ' ‘ ^ “i 11 4 ^ ^ 

djLjJlc. tZjVLaTtJwl I In 1 n^l oVl^J Lia£^ 





t4jl j JL:>> Cf ^_yJi g'l'wVl ljUb Jj) t II j 

JL£.1^3 4 ^ 4 i.tUi^ ^Ljua^ . 41 joL^ J-^ LuLaj)it -a ^S/ 

^ * i—d^^-j-u 1 <_lL^ . IjL^ 4.u.aaL>tJt t-tl A ... StI ^^iaAu ^^LgTcwVl t 

jl£^ (jl 4-L>>jJLi djub L^Lj>> L>^ 4t.iUj oLc.^_u9^I ojjt 

.^IjJI 4U3i (^ 7 !^ 

4 Ah A ^lj_^ detectors lzjLbLJuSLo ^ lji-^l (jl 

«Ua.>J JlI^ 4 'ij^A 4,j4^ ^L>> 4j1 ^Lq 4jdij^ ij i-^“t 

^1 (j,-!^- UJjLJ Ijuft ui~^ (—aLiuiSLa ^ ^ ^ 

4 II fl I L-fli luCU IjLA 4 U f»j ^ j >111 ^ .^'^Tl 

, 4jic. ‘ ^ J11, j^W i^j -r a I juvtjj (^Lla ^ i. 1,J 1 jla . \ T| jLucLl 

‘^«i±OJu ^^^j„:^r^^ ~!i CJ..LU 11 IjJ 4a>'Lj *( 1 >^ 

cjLiLuiSlK (jV 3jiLu-4 <iLuaL>JI ^Llill (^L>iJI (jjiaj LajIj 

3a^ * ^ ^ ^1 ^ 'J JJl£, l aM "^1 1 <1 ia 1" 4 . A ^^ 

LlHi txjj^ t l!ijL>> ljJL>> ^^LUll £jLj nJ V ^ dl 4^L3J1 


Iju^ j^j. 4 " 4 ^Loj^l 4JL>J1 (jLj Ijl^I Ijla ^^yJSA^ 

l'~\\ . ..IJ 4_j_uuJlj i^jJLl f^j^yjj-C. ^^33^ 1 4~i ^ 03^ L^^-tjj oLi^La^ 

^j.4 jljjl.>«j 4_^L£LdV j->. LdLi-i^ .^ju^SLtJLj jju^ jTI^ K-dj-^e^l 4 j ^^ 
4jji4j c--i5tx4UJ3 . \jkja jjT 4^Lc. ^Ju LfJ^'>.3TI 

\ _jg ...1 J jl 1 Ai \ ,i^j ji I_^ _4 ^^4^ CjI j 4^TI ^ 

' d * '^3 J ^ 4 At J .^11 dxj ^ti ^ju^ ^ * Observ8.bles 





.Heisenberg uncertainty principle IjuU 

I 4_l^j iSLuK^a clfcrtj 1^1 4 j IJLoI) ljub 

restriction i ju^i^ jlj>. JSLi^ Vj . L^l j i£[^Kj a 4 .^ 4jijlj 

(o J .'^^0 ^a.1 ■.. 's^M t 4 _l_ul 11L) ^.jJaiLi ^L>J1 4_jir ^* ■'* LI 

iji t^L!L4 .^jL>Jl 4^^^1 sLonJI macroscopic 

<U^ ^J.5ua 4 jL^^ LiJ^JcJJl 4 j.4£j ^-i^jJLl ^j-4 L-^jJU 

^jlJ^ ~iju.ll LjjI .^^Lxll J£LJ 4_^L£^ 4_>aLj 4^Ju LiUjj 

.jaLl Ijt^ 


illte 


I 


'>» :xjJl jI (j^ ja.L-jjl ^ 3 ^Ha.l!l 

IjLlI ^JLjm ^ i ^ J. *S ^' d. 1'^ 1^ ^3 ' t ' j '*■ ^'Jt 

'~ ^L>J 1 CJJb LIIjI^ ^ L>^ .4_^laAJI CjI jL^LufuIl 

fi 

cSj -v .microscopic level ^ -^11 ...U i^lc. >L «_3 

# # 

4K in a ol^ ujj LoLo-j MjLc^ 5 Lj->o La 

U~ , ..^ .4-tp^t£Lll ^Un 4 I ill ilL 4 j Aj aLajo 

^1 — ^ ‘ ■ * lJI ^L_^ _i-uVL '* ^ ‘ ^ ^ 21 A 1 ^ 1 — i.i, A ^1 

Ljjjl udtxA ^ i gj I < 17 *j IjLft Lub ^ pj i u'^li 

4-^Ij.a cdJj . Lajjjl^- L^ ^«SL 11 lS[jiKj a ^jL^I i>jLjb. 1 j£Laj j 

uJL-lib ^iSj _. 4_^L^JL>>I ^^1 ^1 4 i5C.^ ^ j f j.:%JJ1 I jLA jLtiili 

(JjqLa^ ‘ ^ jji^ V 4 _ijL^ 

j.±£.^ d 5 ^ ^la:>.VI 03'^ diLu-o-i^a^l ^jl ^] t^_y^j < u^L^ ^^JaLij (jjJ 

(J^ jjl 4A 1 ! .4.^jlJI ^1 jj^jl^L jaLjJl <-i!ljj^Ll 41 jL^ 
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— 1_xL4J 4-^1 UI e> Jt-J_iij I>> (J:xJLj 4_ajj_tJL1 Cj L-4—j_i.u_>J 1 

, 1-u JL->. A ' ^ Cjljj|_^ 

j j ^,,I aSi]L quantum field theory ^1 JU?^ 

4 JIlAjlII 4_dj.d^d1 jloojJI 



^t t I ... y. L^Lrtl*) La 3jj I ^ J i!i CjLjIa-^ ^LLt 



pj ' CjL ± ul Cj\ jiJu>-t j_yj3 jI JL>«j iLiJJj JLLa 

. Y iJL>ij ^ ttiJIj (_yj3 (_7^Lt3 cJ3^3-^ t^i t I'llj i p (J]j>o ^jk jJ>>\ 

3jj ^] parent <.,AudVI SjjJI (Jj^ jc-lS p j cc ■■.*^>^1 .ui .^./ti 

(J3—5e^ I 1 a 1^ ^JiA J Vj . i A \~L^ a oIj daughter Bjl^^ 

^>A 1^1 . Y - radioactivity JoLAUI aJL^ 

ulILi^ .decay ^jJ^L^t-c-<ial (((JI:>ui> L^Lj si^tl cjLijL.>JI ajjt 

j^s ^jLl_L^tjJ P j OC (_y£.Li— Cu^\ JoLiuJJl (_^L>. jJL^o J_*_aJLj 

■ t-^1 .^1 1 n Lai . u ^ 1 .Ls^ji 3^jlj 1 ^11 t ■* ^ ..1^ 3^jJI 


— [ ^ yO i1_1-4J.SL1 I ^ J-zi *"' ^ ol^ ^j^L»-ii'i?1 

1J-4JJ • J-^* <jf^\ ^LLd j_^jJLt4i-A 1^ j-jJLiJ - ciUj Juu ^jJllm La^ 


.^^IjujVI ^LLaJI ^jILcilA JLs-t^L ~ tJljfciJ 4 .j 1 a.C Lliul LLa CLiJL^o 


^ 1^1 jgL 1 ^11 (A , 1 i < I jil d ■ .■ t i ^ 4 j^jl! 1 ■■ a 

aj^ fJjV (_^Li_ujyi lLsI nifll 3j.jtLIa f. A_. LajU^ . d^ii^i -^1 aJJt L^ dJUJ^ 
■ 4_ui^j liILl^ cjjLS^ ^ Ml c ^.i_uL^I ijj.^1 

(_^Lj djjJl O-® »ijlj ■ ■! T1 Ijuk \ ^ Ij I 5JjJu_£. 4 l*< I Ilf 





ljub CxjI£^ Ij]^ 4^.t-ilU t~il . ..-^Tl 

4 ^ j A i^jjJI t_j ^ j ^ 4^ 1 ajSi£- V] 

^-4 5j-J_t_L-D *4 i'» full ^ ,‘ ^ 5ljJ (Jj^ Jj*-^ L>^ jLjii^ 

.l-*[ .uill 3j_^l i_d ^jualjJl i^jja ^ t l-lL^i .SjjJI ^ p■a 

4lj_(-uVI tju (j-4 t^jVIJ_tu LiJLtA ^ ^ ‘“j .((3^^)) 3>^^LL3 5 jLj_C I * ~.y\ 

JL^ ^1 (J 4'>* t 4^ t lUl CjI n_; (Ii'^l (O' (3jUJLtJI 

^JL»o < (^} S4^L^J1 (-iiij (j-i I ..4^L^JI j 

4^1_lja 4^iix, 4 jLwVI JIJ.uiil ^ y «U t ^'Jl M dljiJI 

2 f- * 

(_^iaAJ ii"i<ul tE = m C (^1 <hmI 4JjIj»_4 f^jja ^ ' 0 j»Lc. 

S"11 1 4JjLl1I ^JlA u_)Lji_u-uj1 (3^ 

3lj-lJlj SljJJI 43 j4J oL^L^ 


4^-j„t,ii.fl..'i.!l oljj^lj J hLili Jjf 4.jl^ (jli^ (3 -j 4-£,V| Jij-Ijj.,11 Lol 

L^ ^1 "<Ti A ^ ^ iji .^4^1 

‘^3 J La ^ i 3''^"'" ^ OljjJI (jl JL.>iJ (__d^-Ljj lLL^ (L^^Ll^J 

OjL^ Ijj ,a ^ A oL^jl L^lj_Ju-C — ~ LiiJj lijJL^u LojJj 

■»" L_d^_i_u uiLil^ iCOuntcr jljL.t-4 i .^."Xi • ■ iVi 

iC^^I jj^ -4-1 j - 3^'** ‘'~ ^1 I Loi^ 3jtj..4ja ."tl ^1->^U> 

•3^^ 0-* 4_^l^i 3^-0^' Ij jJi JJL^ 1 ^ J i^i,4 ' J ' 3*^ 

^^^1,u.A u.5^ <.*‘tj'>» iCxponcnti^l 4 j^! 4j|jJ u^^^LiiJI 4^1^^ 
.^LlL^VI ^ 3 J^ ‘*^ 'Jl^I ^lifetime «j-4-s-ll» 

(jl ^j-^j" ^ * *.(^Llt1 jjc-Lll 4.j_iixdJl (jj^ <j£3_i_u^l£LII J ^4.^3i.j (j^ 

4^L4^1 3-^ (^^3 4^^LIaij 4^j^Lse^ OjI^ ul-^ * 4-4 j1 \r\~ a (j\Jui 

jhili I—i^ 1 4 h'^ni (jui^ I j 4*^ t ^ 1^ rt Ti V (jjj I jUL j I fcitJI 

S(^Lui)/l (3L:tUi) 2LJiiU 3u^l kJ^\ 



iS jl^^l (^1 Sj^l 


^L^Lo djLiX- ^LsJl ^Lt ^ <>» 

^j^H>ij ^^3 ^ ^ <“< •>! \ ^ ^ il U" A CjIjJ r^A Ijl^ 

l3j_uj L 4 (j1 j 1 11 j Vj »1 tr\ iiil 4-jJi ft g >>1 4-1^^^.!::^ 


^Jb LdLoJ 3jj i^\ <L:wl "m I (tl 4J L>4^ *0'^ (UjL?u ^jL>> cl) 

(jr^l o-a J J J<a_L^3lj» ij] VI . JLtjJl (j-btiL 

^1 [jJt ^^jJL jiJj-^Jl . 4 _ju^LujVI ^«£LII Cj^ t LaJ^^i^ 

i^Jbo ij\j Qja y J (3 (X jl^^~...^?t ^Jl*J t j'S~U |aL_itflVl 

■UJu'C (J • j >1^11 cl)jL>tJ (jT^Ji O 1 j 14-t I 

JL>J :subnuclear particles jjj oi ^ ^ ..■> 4 ;a u^x'iW oMj^UuiJi 

jLtt^VI ila .1 fjpiA j ii>"ij • (moun decay (JIttITIj itj^Lj 

-24 

ijAjyij 03"^ 4.ijt„,4 CjL<uni.^ Lj£^iij 4^15 1 0 1 Jl^ ^JjLa (^J-4 

238 * 

jjl t 4 \1 .>-*" (^jJl U Ijj 'J * (j-^) 4i.i a.A (X c1)1!Lc.L^ liJi 

(_)^jVI J-QJl! I nA 4J cJu-saoJl J-4^ U3^ 


(jl L 4 pJ ■ » 11^" ' - I i^Jua ^«£LI1 l5iLjii£ljJ. 4^La2 -cVl 4^ ill f »■>» t 

^J_i_i_i_u ^ lg- - ' ^^^^1 tX / 11 ^^j_a i ^ ^^1^ ^33 tX ^ A ^||j^_A 

l^LLu J^Lla ciii-L^ (jl I J^J • J Jfrj (jl ^j^4j iJlaJll 

4^LLJ1 cjI j cj\ 4 J t ii-^ll t^“.V '»t ( 31 *^^ C>^ (1J djJa) L^l^La 

* 3 ^L>J! t3j-3itj o? energy threshold U 4_^1 Id t>a 

IjlA "‘J b^j) L^J—^1 L^i ^ ^ cd^^^eJlj (j1 ^jl^"i <n3 V ^ 0^3 

l^jJl (_pJl ^3 I ■ “"“I I d d * ^1 CyiJtJ (j^l lLUj ^j-4 4^Uo 
i^a£Lll KjiiS[IS iL-> .^4_J| c^L^jcll i^jJI (jl£Lll^ ciJjLzwl^ 





. .."j * ^^iv A (_^JL4 3jJL=fc^ 4_^L4J^1 

t 3 ^ 1 LiU_i-uj j? i 1 _j^L-i_l^^'L£^ 3jj_^->JLI t-tliLr^ jl^I^^_Ij 

.tunnel (LjIjj-l^) 


4_j_ui1JLj 3JjLjlJL ■ ■ -■ * 4 *" jLju^ 4J^1 ^ a 

i_^l_^ cj _3_3_^ ^ * P* Dirsc . I.^^jl ifjjj 

J.^ 4.iJ^JiJI «;Li_(IjVl L^JUO i~i\^ 'K 1 ^ J j^ll 3jj 

1 A. t j .j.^JI ^ 4 -iJL 4.*JI id ^1 t^tl i^VLjv : L^_i^ Qja ( L^^LLs 

4^^ (jUiiU 4J jLtjL>- p ^ < j J >“ ' ^ ^ L7^ Laj.^ “■ 3" Ju£.f 

L-fll iu"i^i J>3J1 (^i) 4 ja.*?La-ja 4_Ls6_ii jj^a-stj 4_iSJ i jij^^-jSJ^I 

.4_UJ^^J^ <L5£p!eaj Positron ^A.i.iiil jL-dJLl 

CjI a li H-^ll ^Lj 4^ j mill 4j^ibj Lj^ (iUj JlLs 4JL>JI gt" 

4_3jiln" A 4 I <1 ^Ljl^ CjLbb^ ^ Lz^ljljl 03^ (jt t <>j 4_aj3 ^^11 4 'I'sr j uTI CjI j 

.pj . U yW ^3^1 J-J>>l ^ 4 - “J (o 3". ... A j ^ ^ CijL^ ^1 d 3 liU" A jl ^ ^ 

^ J ^ J ^ 4 IA ju*il jLjjL>.t.3.ntip3rticl6 jLuxLI pj ■ ■■ j.^Vl (_ 

<(d'i ■>■ .»tl» L-cl^j) Ldllib ^1 ^1—n Jl .^3 t4 j Ui^lj 

4 i'a- mH ^_^h4-ujj Lo lULu^ :Jl!JLl (Jj mr 4 'ivr < uTl ^1 ^Ll^VIj t charge 

^l^ji (_3Jj 4_^1_>J1 L-.'a- M.r. .baryon number charge jji^l 

Jljv^j V t i tj .Cil—L%.JlJI d ^3_) (^1 3j 1_JaXI »">! ^ j ... -^Tlj CjLu-ulj^I 

UJLP.5~^ 1—uojI Jl_>. 3J tdjjj 'UJ"‘^ ^ ^ ■t-*^ d 

4 j'^ld JJL£. 4 i^. dj ^jSLl JjLkLa 

L4S3 CjL» 1^ t U^J-^ tjl^LiJajo ^La^u.u^ ^ 

. L^l j 4.xu3iJ ^4J.i_u.>Jl ^ ^ j ‘"i* (J^3 _j 1 sj *.(JL3j 



t5jl5^l^j6jUloA 




JL^ ^Lj_i^t ijji jjj^j La L^j {jU 1 ^ tij LL LAj A 

^lLLUs A^\-lm C-cx^ I j] . aJI L^JJ^ 

, djjJL , I 1 Lwjj) LAj-o-Cj L-(.ujjJ 

cjU^^SLII ^jla dit i.^jgj'k l!i[^ .plj^b/1 aJJt 4_c,L_uJI 

1 Ijjj .cZjIjJ (Ja^a.>«j ^L^jJI 3*^^^ 3-^^ 

elLi^La^l 4JuL^tj^ ^ aV". ^ a ^IjjI CjIj oljj[^"tSLJl Ji.>ij t ... A 2jjJI 

LbjjJU lIjLcjj-uj^I ^JLA (j1_j Cj\je^^j-i f^jJi 4£JjV 1 ^jl ■li'>~<i,*; 

^_jJuij n^j ^ t_gjp.iall .gluons tiiLj^jL^j cjuarks ^j_a (jj^"n 

^j-a ij\£ . 4^t i,iU f^j4rt'?ra)^ t—flJL^JI j-=e-J 4^jtf» ^j! L^Lajl tlLiSLa^l 

^j) ,d,U 3^3:^ ^ j| t^jjJI ^JLa.a:Jj.J 1 Vl 4_JajLui CjI^^o-ljj ^^pk^jJLl 

<CjLj uljLj^SLa ^1 fJ^-uo^\ jj*s.aj 4jl LajLi) ^Jl^I 

^ ^ * { I C)j^ jl (j^ 1 ^ aj 4 ^Llj i^Lall 

.^Jl^ tidjLd J-i^J Cj1jl>.jJ 1 clLlj i4£.jJLLa ^CjI ♦ ^ ^ 

d + t —^ He + n 3^LfljJ1 jj » ^1 3j.‘ CT^ IjtSufc 

\ a ^ i a ij^^ (P) (^) U_lH>-i-^ S-*:H^ 5jLc.j AjI (_yl^ 

3l^ ojj. L^ -il a .j. ^ ((t) ja.j_jJljjJlJlj (d) LjIjj 

5jj_uaJl (j 7 -l^ (i) (J-cLi^Jl . Jl^Ij a. ~i (Hc) ^j)j 1 j^ll 

4ii.ijLJ1 CjI a j < h '^il ^jl jj_u3^Jl 1 jl i"< cVl ^J-^l 1 ^ aj 71 + p —^ A + K 
Ismbdu IjL^^ pion oLaj-*-a^ *4^ 

t j *“ ^1 (JuJlL 1 ^i ^ ‘3*^^ ^' j ‘"‘I (ji^^~u ( lc3.on 

;3j^^jl^JI (d) 3^ t 3“^^ IjLa-Ld (lLL!jl£^ L)^ ‘c>^ - ^ ^ . ..A\ 

(_yiLudi (jj^ j 6 * 7C + p —^ A + K + 7C 








;j (i) ^Jji^L cjI£jI^^I « i a«~...“» 

^jJLI 1 jL 4 jj S (ii) J ^ t -^"n j_j_■ ■■ cjI _i^l (j j*j ^ 

^ i 1» ^ ~i I 3 jL£.I «Lj- 4-^ ^ j ^P P —^ P P 

I JlLj^ 1 cLi^ n J ■ “ t < Lr^ ^ tj~^L3J1]I ^I ^ ^ 1 ^ ^ 

V| LiUjJ 51 i/-\ *:r a ^ p j "■ '^ (_^| ^J^LusVIj 

*(jL^ I ^ lIIJjL^ 4jljjSLo i JUJl^ a t^l ... . < 1_^ CjJucJj-i-ui Jl^ TZ 

(j! 4-) 4^^^_i-Il ci)L^ j III .“nJI ^ 1 <uj ^1 Vi 11 <1) V t^L 1^*1 "**Lj 

j / 

V^j 

^ aI Us ^ i j '“■ ajL^oJU t^1jL^_3-uVi ljub 

4^Lc Cj\ a j 111 'hII lIjI-C.^ Ill a ^J.3_%Ju Sj-^Ud 4-l£[j_^ i^jLjlII 
4JdLLJl 4 ^LjC oLaJf-ui:^ Lr^j) 4,ti nVi aJ^luiI^ 4!L'a;.'iL.<.j.i.l 1 oL^jIu-ciljJI 

CjlaioA CT^-^ ^3T L^3 ^Luaji]l fjja ^_^jVI ' 

^jLaJi 3LpsJlj <Lj1^jJ|j ^^ItJl ^ 4^L^i CJ^ijaLftlJi (jl . 4 ij t a ^^^Lt-ilil ^Ji‘>o 
5jL-c.1j 4jjjVi^ tijLjj[^_jSjyi cjLSj^^ 4_^^l_c. lijI j t iirV i (_yj3 u>^ 

t4 j *^3^1 3l i ■>s!i '>‘ 4^4 aVI »1 n'i I III 4j| VI . i ^ i j\>a 

,a ^j. 1 ^\\ 1 ^ .11 a ^ A Aj LqLoj 

."il . ■■■w. 1 jL.iii:>. V| ^^jl f^^jua}\ ^L*-uJI ^1 uiUj )43-iia-!l : ^Lib.LJe*l\I 4^j 

^Vj .^j-iiaJI a^_^ ... \ ^SljLajs '*■"• ^ (photons cIjLj^^ z a 1"X11 4 

Lal^ JLa i JlAj . 1 . ..i ,nil o\^ (4h^!l 44jJc. CjL^^^I ^JJb 


‘ *‘ J M ^ (j^ Uj^-^—X—A f^JJ .^11 cju^j_a ^-l-U i^U 'V- (^1 l_U 

4_3j^^.^j ((4jjljl)> j| 4 i jV I(il A iC. a |c3j 4^Iij 4^j^3SLJ1 

a 41 ^ j j ^ ^jLa ^LuljvI 4 U ( (j^ILaJj ^I a, Ti f CjL^j-3i1 p U>^""i 

.^^1 ((JjulII ^ ‘ ■“■ tc-(Tt^ 





^ ^ (_7J| <LjQJA j tljl li'> ~ I »l 4ji 4f. 

^ . 
a.a L>^ ^ jUl >• j 3^Tl ^La_i!u^^ ^t i.u-:^l j j < nd’ill i^irjl 

j_^j 14^Li ^ 4.1 fatfl L?^ ~^3 (JLld 

(^1 jL^cJii-uVI 4 _^Lij ^1 3 ^ ‘ 13 * ^(^ii3.nturn 4^^^ 

^ La L>^ ^ ..»M1 1 L^l j Jl>> 

^jl lia "i 'vVI ^ fjl t II rt 11 (jA i < n 11 

i^~l"X ol 4j < n -kU !^\ i(J.^f CjI j «Aj_2u.d..>J 1» 4j 4 H"^l! ^1 LajL^ 

* 

^Ljl^ 4ijLil CjLj^jj^^^Ij L_"tl''iju_‘’XTVt JlLa ■■■'* V 

IJu^ ^^3 LiJjli_ujl I J_A C^llitjj V 4 t^l^l J J II "<11 

j£.LaiI1 .(^jjiJl Ll^ (JL>u c-SjjiaJIj «-_dLJu^Lj 3j-o JjV 

I ^Jb l~M } ^^^LalAp^oV ^_j.UiLuiV| 

3^3^ + 033^^1 + 03^33^ <r— oj[^^ 

9 

I JL^j . jLuaJLl !lj V1 j <1jJL3u.j-u1j |AJL^I 

4j^^ t m (4 ^Lc 4_:^jJlj J-^ 3^3 * jLuai.1 

# ^ 

pLua^l ^3 ‘^3 /^j. ■■ ^ .*;.Ti 4 .Cpj_4.aJL! j j‘^3 

4_u^ lUJj ([_>SL1 . Lsuolj Ijjf (jt 0^*^ 

^4.j^4^1^ 4_jJuI_^£L!I 4j^iAJJt CjIJli S^^SUI 4j^^JiAJ ^^Lj CjVLaJ,! La 
^ ^ ^ t ^ ^ ^ j t\»tl jjl <1 r S/1 ^3 ~ ^ ^ ^ jUl JLa—oJJ 

.^4^1 ^ i“tl ^ ...\ . ,.1 ."tj. ■ ..1 \ a3 "ic 0^ '^‘ * cl)J-^^ C7^ oLj_i£^-uiJL!l 

tljli i ir~ < ijl 3j-<bL^ 3 in 3"«T ^Ijl^I 1x1a 4 j^j 4lJj.ajj^ 4j^J^ {“it j t^3 

4_4^ J 4jj.^jJl t -»-■ u 'v. t J • J ‘L, jij^j ^ * 4-^Jub^ 

lO^^l jlIa it ^33^ Quantum 

* o^j II .^^I L^>J ij^ LJ ^33JLA 3^ (J>^' 



03^ 


t JL>>jj Ijl^ CjLa-u-u^i* Luajl ^ QUHtltlZCd ^Lo^Lo 
cjVL%^ C7^ ^jl^VI CjLjJo-iil Li)jLi£.l . i li lZjIjj^^ 3SLII JLi^ 

LlLi^^ Jl2J . 1 1 r- ^ ~ * t ‘^ ^ • ... Ml t LiJajI cLL-A^Jua 

iJ1jL^j1_^SL1I — cjLjL^ tyu ya — ^ j (j of I (_y-<-«Li-ul ^u a (jVl 

. i Aj l^M. 1-^“ ...1 t Luaji fiJJt ^1 * 


^Ul^t 


iU 


* ^ ^ ^ . ..tjl 4_JijJi_>iJI ^ d~*JJ ‘^ L7~^ d 

^^£LdJI ^ ‘ ‘ “ ^ Lr^3 ^1 I CjIjJj^Jujl)I 

jjAX-JL^I t, <lc? i }i~Ka (^yc.1 Juj j-JJB-djj (J_5->»j y^ 4j, i ^ Ml LcJ 

^LaeAJ^ (J^ t^jLi-iiJI ^LsJjtJI yA 

IH 

yA 4 tiuLoJI jjbj 5j j ^ Ml I i 4.j^jil 4JlJjLi^ ytj dli^ 

4Jllla]l 4_i~L^ Lo J L-AC.yuut\ jJojA 0J3^ La) <iC 

i^1 jJJ ^ t ■>- I M-a 3 JljJlj^ 1 BjJaiJi ya yjLJjhl\j 

udl jul y^A-i L>^ JJL£. 

1^ 6 

L-il a I tU-.ti Ij^^JU - ^ ^ JUJJ^I <■ I Aikti IjLA i^^J-C.J)'< I iij ^1 

La ^Lc.j.j^^ . Sii ^L%-ij Lt^ cJj^3 y^JLi til 

yA ^a£L!l j A 4 ~< a..H La iy"i Miijl djj^) i a a i^jaIojl.JLLI 

a • j iHt ^tl ^1^1 jj_uij ^1 ‘. ‘^~ 

kiJJj V| *j i 11^ 4-g.j Ml ) fOlo^^La j juLJj i*‘t AM ^ ^ <Sj) * ‘ L7^ 

.(jl£La f^\ (ji J til J O^ u! ‘(3‘4 -cVI " i 4 t i l l 

4JjL^ j I f LLuLSLi^ ^ ^3" ^<Sy i »1 La j.l l. ' i^ 



L^jl^SJI^jSjUloA 


Ltjlj ^^ 4^1 t*‘ij -•>> J I jIa f. ■ UJl j) ^Jl^.*i 

• 4 ^Lc. 4 ^Jlj 4 _Lj^mi 4 j^ia_L !1 CjLjL ui^J 1 ^ 4 -Lia^J 1 u-ijl^e ^1 CjVL^ 

^1 jjL^Vl cjLi-tjJi (Jj-:^ (jL^ olj^iJl LJL^ (ijjL^ La 

ft s 

BjUJLr^l t, ij ILuol ^ 4 -a^^LL 1 ( 3 -d-d.^o L>a Jl^ 

(dJJjJ j-^\ 4-Lajj^j C^J 4^LjJ 1 jL^Vl i^jJ ^^iuj 


i a JJLp tLilJj ^ \ X JlB 4^1 u* i \ 

^Luajul JULJ ^ Ij . jl^Vl ^\ 

I il •*■ d I , ^ ^ jj" * ^ ^ "... a ' ^ Q ' "J ' '■'" 5 JLIJlC 

OJ)l*^ *i3 (jjjJlj *L-^JJ ^j_u3jJLI (j^Lal t Jj 1 ^ 

^4^ ^. ..1 All ‘ ^.^. A > ^ . LbjLLj ^Ji!u 

(jJ LIjI j-^JJLI (Jjoj .4-c. 4 J A.i »r^ 4JijLwj| jLiu a» t^^yiiaJ a JI Lr^ 

Ll^LC^a ^a^LLa ,j>it i J^jj (j1 i,i'4„\g 4 t LLa L^LkJ 



tl jLLVI 1-^1^ ^ 4iju_uV1 Qja JdJulJ! lLILj^ ^ 

jliiJ (_7^1 4iL-U^I ciJJj ^JLts\^^ J Mir. ^^Ljl ^1-4J VL>^ cr^ 

(jS^J (oi^ j_^jjJl jLLVl Lot . <GI j 3^ iOljjJl ^j ^ 

4^A:^1 CjIjUlVI (_yl^ tjl (jj>.LLa cilljjGj-ol tjjVl (j^-aij *i*l<u (Jjt-a 

<Lijj^^^.rJI (^L^i^^-suVl 1 L^Luxij^ ^a£lll 
Li-a^j -j^"‘^ ^^LjJj ^Lai^ ^*—^ 

l^J_t^Ju ^ drtj ^-^11 (a4jV t Uj^j 1-4^ ^S-LIjQ (jJljjl -ij-3e_a 1 JlA 

^ jj (L^Jja ‘"' <—j^ULl 4 ^jL^I BjL^I ^L-u.^ali 

(jL^ i^jlJI jj ^“11 LT^ ^ ^ Lil1jL.L^ Lste-ilolj 

. jjlaj 4JL>. ^ 





^ S^—l^LxJLI <11 101,1 5 ... pjl aU clLjLa L~tl \1.i" isl ulILLa 

^ 1U> A ^jji 4_J1_^ 5^1 ^J.4—ftJ ^ 

^_y^ J ijj^mll (jV V| I JlA LjAJ . <> f J Jn 

ljub (3^ t"iiajUtcLi_i_iilILj wUjkJI 4._.i£^-2i^ 1 c-ilr.Vi 

I^Jla (_yl£. (J^JuJl tj^4jj , Vjiia Aj! (jl 11 jj 

l^^JLA i^LuiLa 4 jil^U...I u tl j I'f f 1 .(JLI4J 5»1 d^li 

JaioiaJl 43^ ^ IjJ U[>J iA xbLdiJI JW 

^j5 'J'*- (J^-J-iJl iIj^La iJ^^‘ • “ t ti J. .. iS\ (j^ J i ^ (_yLLl3LAl]l 

3JL^^ 5_)L Imii ( LI (.Z-iJ^^I 4 J 4 ^ (^1 i*ill (^jLJLja C_* LU- > 0 

Jla^juj - 4 Xj . ..yCTl ^IjJLl ISLuaLuJ 4j ojltl 4 <n4 

CjI^^-j-joIjL ^JlA .fjf 1)^1 a ~I1 uLai-waJl jl, 1 a a (.r^-9 ( Laj-LaSj 4j^_^V 1 Ji^lo 

LLojI ,..i.4.."l,*j ^! VI «4_j,j£^,^..7!i oljLi.j..^VI ^1 l-£i^^J^I 

/-i-w ^JL^I L^l lLUj 4 ^ ^4 4 1^1 . u 1 1 4 .CliU^I 4_^J^ 

t tl n .. t Vl JjlJLA j ti ».1-^ ( L^JLlAJIJ t ^ 4 '4 ^Lj-4^ LAjLiH^Lj -4 • ■ i Lh tl 

.^«£[J1 j ^ 4 _£^^_u 3 4 ■ Uj"«^ 1 ^Clj ^I tc. 

ol-^ ‘lO^I *^-*^3^ 0.5^ liiLl ^445 j_A (-jjilail (jl^ 1 jj Lai 

U?—^ udLi-Aj •t_5j'^^ ij s ^^ ( 3^ < ~J (jl 

Jl^ Jjut ^5 4 -»LaJuo j_^5L_i-*_ii^4^l ^cJjlIIj ^a_SLll ^ If. 

jLC.Ij-B ^1 4^~^J . 1 a ^ * < «J cLL^J^ cIjL^J < u 4 LiiLlA 

t IJL^I . LcLo-l S~ . ..^j 4 -TTI-XIJ 5j,V '>tli L^jVjLk^J ^4^1 4 


I 4 J ^LlJ (_ 7 ^l 4.4J^^1 ‘ L A ■"_. x.^ CjJ^I CjLjJ^^ « t I Ml TT t ^1 

1 ^~M 0^3 »t_"_._jJ|JI 4 4 C xU I j «>* * « CjLj£^.j^I 4JLA 

j- *" iLaLcJ 4 jlj A" ti (^Ll iii >,H .CiJj-lt <Ll> . ^1 (Jju^ *1 ^ 

^4 (4_jUj£L4J ^ ^ 1^ laJ_j t4l4—^L) (3—£>-^1 





V 'V 5j^-:vjJLI CjLj£^-j^I ^jji 

Joi^JJI iju^ Cr-^J 11 ^ J rt • *iTI LdJj L7~^ ^ '^“ 

C 7 ^ ^oL^Lalt ^ A^ L;uJ^.^Sil ^llij 4^f.\jja (jl ^ ‘'j J iit U 
4 -^Ljl^Lj ^ ^ ^ ^t**y ^t i • ti f.\ .v-^ . ..Vi CjVL^&-4 

yt jl ^ 

.4 .>ktl 4 j 1 <1 t ) ^L2JI ^u-cxJj (j1 ^ • ‘ 'j a jM i^'^y 1 i£l^Kj a ^J!L 4 i^ljJJIj 
4_4_j_aJl jl ~ Vj -t il ^ ... ■ ..\S\ JjLftX ^ g ill «LjlJLj CjLjl^^ (^JlII 

^^JaLujj I i i^-aj I 4 i^.gj 11 n \ I^ j ^ < Tl 

i ir 1 ^ 7( IL^J t7tVl >- 1 1 faiiitl cJ. 5 ~^ ^~' ' L-fc^ 

( 11 ii>. 4^j|^iil (Jjjuu (J.4JU 4^uj^^ CjLdLi^] 

(^1 CjL-a^LJLl Jl><il tu’lj 

^JlLd l<L.jCj,.<.i)!^^LS!JI 4,..fci>,i Ij ^J 1 1 11 4 A1~ r%.l 1 J[.>JlJ 

lIjVjLs.^ ‘4_^ 4_^^L^1 4 jI. j 11 j s 1^ 4 n L.t.lt a Aj[ A A 

O^LjaLa-jo t4ari Jjlj-i^lj CjljLiijJ ^ajl^.>JI 4 j:^jJj 4Jalii^Lj Llaji_uaJI 

L^..4-fdftLa-Aj ^ 1 T ^-4^ a 1" ^11 . \ Aj »4^ , tl ^j^Ka iV( 

4jlaaHj A^^ali CjLjls&IJI ^ JjaLi^l Ju^ * ^t ,j.a Jl^I ' 415" ... 11 

4_a^^-j>. 3jL.i-C, tfoi-aj La-^ iji‘ f^La-ll (j^ * ^—4^ •Wl LAjL^I 
t^j) jMill CjtjjJl ^cL^. 4-aL^JLl CjVL^I a JlLuS taJu^lj 

4^jJi cZjI _a j ill ■hII ^Lc. jJb ( 3 .a_cVl (Jlj^ .^a^LJI t“ilU<... Jl^^ '*'-j 

.cosmos ^Lc. ^Jb 1 ^ 1 ^ JUu^lj ijlj^Vl <Lu^^ 


^L-uj^i ^\ a*i aI Vjl OIJlj 

(_yJJ jop ^ i JlJjL»-aJl (ji^. MitTl OJ-SJl fjJi 4 f t III! 

- j 4 < TIj j* Mi 4ijQl£^ 





I III! La Lc.^ 4j ^Ij CjLIjl^I 

'^l ^Lju^ 1 » ^ li Ij, \ 'hI ^IjLpI lZxjL^ Jl^ iillj ^_y gitll 

^ l^kjj (jrH-y jj^^l 4 j.^j .blackbody radiation aj^Vl 

|gi ^Lxj a j ...jUlii ^<tl 2 • AVI cjIjj^ 

‘-dJjj .|^jtjj>. (jljji ^jLa ^IjjLu iJoL>Jll 

jj_d^ w^ J 'J ^ j 1 o^ j-^JLi-ul jl^ cGI VI .^Lidi 

^ 4J ^ I t . '*■ I i ^ ^ "-^ I 4J 1 Jl^ ^Ljl I itV I 3 ,L i ll 1 1 c ^ J ^ ^ ^ Cj ^ I III 

3<^ 3jl^^.3Jl JJjJiJI gjl ^~if. I <L_^l£Lal ^ 4 ^“^ 4j iitL^t 

IjL^ .4 i^iAjJl ^ j (j La t^jljjLjOl 3 jLa c. V^ (J^ fcu C7^ 

LijLi-uLi_3D ^L>Ai 4 _«j1jla ("i 4 I ^at stake ^U'>Ji t'‘i'>«'i 4 3j <ir Ll_jua^ c^L 


^1 111 "iH ^L^ cJ^ t rtjl^Il ^j.A 4 aITla-a (j^L^ 4,j >^ 11 

. c3xlail I .lx ^ 1 j ji" II ^jJalIJI l^L^I [^1 L.i‘:»i *JI (jL^j 

aLc liUj Max Planck llL^Lj (_>^L^ cjrjLiVi ^ 

' M M w *• 

<iL)jL3« L^ L>^ ilIU j JUu jj X^.s 4 j aUII Li 1^^311 < 3 1^ *1 (^j_uij . ^) ^ * * 
^III 'vli t 3jU 1 4 jL til ^Lldl cLijL^f liL^Lj ij'^j *~ '■■! .^LlJI jLjuL 

— djt^lj 4jy ^ J^Li^ t 3~<S[ A . 1 ^t U"...Ij o^-tiiVl 

^LllJl ^js LaLaj j3 ^ 4Jjl t A j " tj jl (jl — 1 JjJl^ 

^ ^ 4^«:.^L4 4JL>. ^ '"■ I Jul ledJj ^-Aj i4^3^^Jl 

t“.3" . il 4 ^ '^jXI 4.d^jJI jlSl^Vl 4-3^ 4jV -^ L ^ ^j-Lj 

^^ * l^L I <“ . ■■! 4ju_i,^l clxjl^ iLiUj 4J 4_3 jL^ ^La^I 

jLLJ 4^Liil jj '“^1 i ^ y^"' ■“■ -'■! ct^ (^^jO 

^j-^* * IjlA t d L*j .4-^LI •tt A jCj . ..V^ ti 3^t\ *<tl 

(^^>i£LII (aUJI iLjSL^yi .4^L-^yi 

4j| ' ‘~“2 * La JL^ ^1 (J-uaij^l a j j tl ^ «13 ~ ^ cJ^j^ ^ CxjL^ 



\S JI9SJI 6J^l 


ij\^ ^iii-^l t .djlnJ jLuiXt jl ^1 JL>. 

Lord jjjJJI 4Jk>.V 1 ^] jj ‘ ■■■ ^jJI^ jLlmJLI ciUj djLJcjL.^ .4J L->.11 a 

i^jja ^ f^L^I |»jLJLj ^ (j^ a . ..11 R.B.ylcig)i 

Wj*^ i-dluj tLu5Vju i4J^ ,4jLatTl 
. JLAJ ' 't j ^ i ^Jt.^'i jij,! fcj ' 4jl V| ^ ^ n y ^ 

^ I u.'^j ^4_ijjj.:?tJlll^ 4-jJ^^l lLL^L 4 tj !/■> Cjjj^j 

.^^SLII Ojj^ CjLuiJ 3^.aji-L^1 3 jJl^I aJJb i^jja 

^ Cc^^iAI t^l ^J—LM (jL_SC-.JJb i^jL-%J jl ^ 

^1 Lsb-uslj «^L»J - iTjIjjIa" ^Jl^ IjujLiii LoLft^l /yUtl 3^^.jJLl^ 

tf^LiMj (jr^ ^ 1*< j i^ii (jl 4Li2Jl 4_liJI tiilj t^Jil Lo JL^ 

j, ii<a.. ^1 *JI 0^3 <»(^.JuJl I Jut) Lua LaLcu I ■'9e..t^lj ^ 

i^jj^ (^ ^ j ^. j- ,MiJ I 13^_qr ,ilI 1 4 LfciitI ijl Ij f ^ ^ * 0 4^i i u (^"i ilIu j 1 Oj-df 

4j!l^l La (j^J .4 _i^L^I ^ j ‘ ■ - * tl 4ujJ^ LuLjua 4.j!l^&jJ1 4.^1 ;J^ ^ 

Lcl A <" 1 ] ^jLJ ^ <ia fl j (^jJI 3^ lIL^Lj (—fli Ml "1 ^1 (jO_JuJj| 

.aL^ a'l A 4 t ^Lla (jr^ a ^ 1 ^1 ■ ■■ ^ Lti *• 

ihf = tL^\. i-Jt; jjj^l t_4_uiLi^ ^ ^^ 4uiy^ 4^Ud tc|U3.nt3. cjLo^ 
^ (J^'^ Jl>JL->J1 4-jlu—lLJI ^^Jl^ljl-1 jjk h i_i_L4<lH]1 Oulu 

ol oljh^j ^_yC. 3jL^ ajL^ ^jO-uiuul oLo-^ .cLIuM-^ ^ i<1 '^II 

(jju^ ^jj .olu^j^ ^cx^iu ‘“^L» jJx iZjj^j^ particle - like 4.j^j.t.ujw 

^^LuJI oIjLi^a^I Ju>^1j i 11 jL^l it aju ^1 *^»yi ^yA ^3-^ ^1 

I(j0_i^uul oL^^ L)-^ * ^ J'^J) ^ fi ,J .-^tl ^1 i_dUuu^t (jl-^ ^y.ui-C. 

33^ OaL>> \l J'd 4_x>'l^jj1 ^IjLi OiuL^ 


.(2n^luJl (ju^^at!! (J5Li^ 



J3Ai) 


SjULI t MlVI jl^3t cjjl-j^I I —0 (jLcj-_i_u 

^l^Jl ijji La C.^jJld 1 J3 iiJL^Lj Cj^JtJ CjjI^ <Ldj.a^ 

jL.^.^iJl lLUjJ j 1 t ~ ^ V 1 Iju^ l >^3 1 (Jti "lI 1 CjI j ^^1—4-1! ^ ^ MLi 

U".. ..1 CjI aJJt 4juL1j4-i_^ • ^ ^ ^ ^_x^VLj (jL^ i JljIjJI 

.^jLJLl ^L.i.u.^^L! 1 j ^ ^ ^^ ^ * V 

(Ji4.s«.j_uiX I 3jl^^..>Jl 4->>jj j j*" ^ jn ^ ^J^ (.7^ 4.^x.jJjl 

^ t~ujl ^LLs 4,Lli, 4 La Juf. (^^La 

CjLxj^ J-4^o (jl 1 t iU L^ ^jULI ^Lj.u^V| ^ ill 

4ii lU i^jJI 4j(j-*^ 4JL^ L7^ (3^^^ 4 ij»4i oljJj3 

^LL^I ^Lj ^ ^i^j^l (Ijljjl>uj i»jUl ia4j[^^,^£LJl ^Lt-uiVl 

3j^_ju 3 U^ ^! U^4J V f LajJj-j 4—Pj _L-a tljL_:v^5_^ tjljJo-uol Jta_i-«j 

.1 (Jjjuu^ Lt^ |4ijLa-Tii,L>ilj LjuL^ lIjI j oLaj^ 

IJL^^^J^JiJ . 4 I 4 t^^i-Lil (J-4— J 4 t * IL (jj-^ OJL>^^ r'^i 

IV 

L~^jJl jj^AJLjJ Luj^.jm di^^j.±ja CjjI^ 4-Lul^ At Lse^Lj I Ij- j ■“ ^ ‘.tt 

r I 4 I • II 4 j . ..^Ctl 4^ U Ml CjI t 4^ Jj j 

. j 4 i 11 (_yj3 ^<£111 tZjljjiaoJ 4"i^ll 

Niels Bohr j^j^-L^ ljL^jJI j^j-^ ^^^Jl j nil jLx. t ^ ^ ^ t ^L_c. 

jj^^^ZiJLl ^4£L11 jl£^l ^ 3 -^ (jl (j£L4j t^jJl La .SjjJI (_;,X>. 1 jJ 1 ir ill (_yjj 
J3£^-1^ cia.dlJl ' ^ cjIj3JL>iJL 4 1 ... ill 1 ljub 

Ernest Rutherford Jj>ajjj a^jl (a-^JsuJl ^^^^".11 ^JLtJl 4 ^jJi 21 jlS 

4 4. L^l 4*11 IjLib 4jjJl J3-U3J 't-^i^4 £k“ i ■ ^ 4 • a Ajj 

j^^l Ju£ 4 )*> I nil 4 . yj A 4 rt j 4J 3 I 3 J : 4 j <» 4 < uH 4 -C .3 4 ^ all 1«^^ ajJujLAja 
^u^l^Sdl 4 .^.!1 4 -JI.JU 13 Ijl>> Ij-j^ lJl^I (jiiLjj^j^SLilj jJoIJj^ 

t ^1)3 4 1II I JlA Jj3J3jl5j (J-i^3J .513111 J3—>■ 33 -Lj 




xSj\^\y^\Zj}^\00 


Lilj^ L^l cj 


E. Mardsen ^>«JL3. Ij H. Geiger l^j ^ ^La ij j ^ 

La 3-^j) L^l t“il ■ ..y t 2 >j ftj di^jjLja <L2-^j ^ ^ 

t3_^_j__j_^ Llji^ LaL^i crt-i"!* 1 ^ll cjL 4 j—1^ (jl ^1—u^t 

‘3r'\ ^ lit O J * 41 11 CjI j ^ oi dji "U 4 

4ljS~]l 4^jJI 3l^-lJI 4jlj^^)-i_uJ t L^1 i~tl ... '^T CjLal^^AjI 

10 

.^Ij L7^ lLLj (Jjl^ fjl 1 ^ 'K 4J (jT^I 4 iTrjMlI CjIj 

Llj^ ^“ Ti I iij ^jl IjlA ,jujLi_u! (j-Li ^LLaj-i-ulj 

4 J ) > 11 ‘..MCtl ^!I (J^L La. t 2“ A n'lu <V<ll 

4j~i/11 ^ 2 ~A TT i~i a i"ii Jw ^ ^j\j t li ...'^1 Coulomb 

>U ii,M,il ^ i~< cl iciLIj 4iSL!ii-d o^^.lbl 5jj 


uLu^l 


J>-=*" J3^ (jJO^l LT^ tS 3 tCjljjJl 

^L>. ^ I "«n j SljjJl 4_j_l^ 

4_^j_^£LiJ ^ ’ “V ^^1 tj* *lj ^1^ 1 2 . U^ (51 lUIj^ ^ ^ jl ... “. ^ 4_^^_:>. 

Lc,i_jt_Jj| 2^ 4 " ,., A 3jj.juaj ^ ^jl i.."il,l d','*- AA\ ■" ^1 »i-i 


• <^s i L . 1 A t La I t ^ ( 11... iLt < A A 


‘ *b ^"J ^ .4Lbl_qo ^ * ^LLJi ^ 2 AJi IjL^ ^1 

(_yl£. A 4"i tj iSj3-^ ((^ji ‘^j;) q-ljl aI jlj^ jjJs 1 I u^L^ 

4.^i^->Jl clllj L^Lt—Luj pLj_iIuI ^4—“i^Vl 4^LL 

Lo^ L^Loj i<(4j£L4^)) 4_^L^ V 3 jljjl^ cjIjIju^ lULLj^ V| .4^tjLll 

~ ^"'t '“‘^1 ^^ ■ 11 I ii^ A ^ A ... ti^LiSkj^^ iLijL^kj~A ^Liul^VI 

JU4JI Oljj d 4 jjL£, d y ,. 

CjIjIj- 11 a A1* -fc. 11 oljjLli (^j.Jbjj V ^1 4 <^i A,t II t**!* ij 






^ t ^ j3-^4-li I I * 5 ^ L.S .l-> 4j I I . 4^ Lt 

<M ^ 

JU£, ^i~>“ d CjljjJl .^IjLujVI ^ i^"i a 

I ^ i>> • t cjIjjJI j- j 4 * jjL^fe—4 ^‘j * -^ discrete di.^ Jt'.ji 


jjt£. 4 ^ jA j lines «lUjU-Ln jg j ^Ii o b.^1) 

4 SjJlI 4 1 iii.flLi 4iS[,(.^id (JJLL^ (w ^^J^ii/aoJl jL^laj 

4_^t^ 1 7t aj, "i^iyi (jl d A ^2 (J-^-^? (j^ 1 _j • 4lj 4j ^j) 4 Ml d j-J-C. f.^^1 tjl 

jlj^L (> '^i .^LuiyL 

5l_^l (_yJj jj Lj-JjJ Ijl III d , ^ V “i t (jt i ^ Iyy ‘■iS3^ Lt^ 

£ t 

SjJLiJl (Jlj-Ls ^1 t GiVi j \ i~i (_yJLjJljj *L^jl jdl JJj-G j { «1 
4 j Lli 1 V jJj IjlA ^ ^ j ■"■ (3^ * L^"j 

t"'<3 “^Ij jf ^_yjl ^! ^<1J-U ^ tit A Ij ^j^ 4j.ij^jtjJl 

(j^^ cJl^ Ij)d ^ dj jj! i4Jij^i3 5j,-" AT oifllLuJI ^Ju^ ^JjlAJL 

(j^AJ i dj^ 1—uajlj t^l t GiVL jl j ^ iVI , 1 i'rt 3^ 5* j ii a cZjIjJJI 1 jCj . ..V <* 

. d' .^iil I d.jIaj>Jl 1 jj a1 . ..22 


4 >J Bohr <(J^)) 4_t Ld it"tijU^-%.tl d i. ..\ / » ( LLA ^^^J-3U 

:^^y)^\ !I ^jL^I 3jjJ 4 . .,.* tl 1 i3j_j_>iJLt d K .^.11 

.dLu^ |aI, 1 V "i "t^lVi CjIjIj 4 ^"iM iiilj <4 l^-Vlt _ Gj^I 

CjIjI JLjq j^ ^ I j. dl .d^'Lc.l L1 =c-^u3jI La^ i4_^j-a^ 4 jCj ...M K 

^1 I Ui \ ~T 4_t_Goj (^jJl U^j-Sl tjVI :4 _^LjJ 1 .4j^ij 

LaIjl^ L^j (^dSLlI 1 3 lU (^L^J 4 III 4^ ((4^LlLa}) Citjljlll 

‘ t-» A 4 4 tj • .a 4^1^ cIjI_LA^ UL5^ t 1 ^ J 4 ^ J" IJ A dU>l . ^ 

#! 

L^J 4 ^ til 1 CjLilLI^l 4 i^dll 3.1J jj IU i_^Jl1I 111^ . 4 4II 

^vijI^LLaJI Lr4^ tdiscrete set 41 .^ ^4x.^a-%-4^ 4u^ (J^ gg 

iS 

^LIjI ^Gij V ^1 :4_!i]L!iJI t->^' * Quantized ft3l 4 ^ 4 )) 





tjl CjJl^j ir. , 4^^j-a_4JiJL 1 CjIjIjJLI ^JlA JuvI j_yj3 

^ilij 4jl^ lE iSjf*' "Ly^l tl>^ « ^^> dflj))j E jlifl ^LId t^^Lujji 

iJ jLjtI,l 4j^_la_lJl i>Ju^ t~.« , hf — E “ E : ^jLxJLL) JJl3^j f < A~ AI Lt 

^ 1 I t-s 4^Lio hf ' ***'"^ 1 d_^l L-^jI , 1 .11A i _ii^ I 

4aj;j^_:^ ^jLl^ 4-i-uijJ JUu < niII ^^£L1I JLC.1^ Lx 

«jJLL) t^^__S_tJ LL>.^)) (^j_j-uj^_<-*iJ 1 4__i_ujjLil ^ it d (jL-^ 1 jl_>. < lt> ■ ■» * (<L_lIjI) 

cijljjjj j^jt'T Sjljjlc. J_^ \ i'^j jLfl Johnann Jakob Balmer 

JLj^j ^^j_dljlj ^ ^ 41 4 "i TuU tj-LLj 4 aj un CjLoJj . 5jj 

Jqj)!^ ^j) :wj i(thc Rydberg ^djj_o ji 4.La_■ 

^jla (J>^ 11 jJLLj L_a—d V 5 juJL-C ^ J ^ 

lLLui V l-dJuu Iji 

^j£L*j 4jl -ii>VJ.l i^jji (j3jL- 5-_>J1 ^UaU 4.J .dSlll i. ^ jjj (_yj3 

LAa£. ^U-£ 1*.^ I 1^1 d ... iTl rt it l^" tl 1 ^ * ^^jja 

SJVjlj a j ^jl ^1 U“ I 111 \ a 4 . I 

f 

i cj^Ejuu JL^jJ M-jtja 4_flj^jjLx CjjI^ 5j...I.^i cjIj^IjL* 

ij_xVI 4 . h .^.; i jujljo (_^aj 

. IjlUx-d S t" 

Jf *" t 

tlxJL^ ^ JL^I Jl^ ^ 4^1 4j^U>iJ Ijl-:^ i a 1 LU^ *■'. I j 

Olj^G (J 4 <u"j iJ^aT^ ij^ jj Ji.4 1 (^j J LT-*-^ 

■ ij *^jlj * ^ 4^4^LL^1 Llilj^_j_ui_x (_ 7 L^ 4 J III jlni ia ll^ d CjVL^^I 

iLljLjji^p£LiyI dJLJJi^ ^4^1 3.‘L^"‘*4^ii<ifll Cj 1 I LJ I 

I^JlII Iju^ L^ixG 4 4 4 t d jjx L^_axb^ 4 j 4^11 CujL^ . I jSL^j 

iij\JL^ 4_l^I^ 4 a j IU kljlj <4 4 tU JLC.I_^^I cl4jL£j . J^L-ulLI i^jja 





4^0^ iaOj - 4 4^Ljj^ ^L>JI f^^Jb LaL^-i 

lIUj 4J^ OjI (^jJl j 1 1 ^ ^1 (jjJu j ' ..M^ II j. ^ . 1. ij “i n 

l_i^I I ji_i_4» * L^ t L 4 JLrw t ‘^;j-" ‘ ‘'~ ^ Aj d ^* 4 -j_4^I 

Uf 

i>Lip .4^U V “1 ,„lj 4JLc.L-uaj L^jJl correspondencc principle 

<-iljiIII It L-^LJu-^ t-iJj)!i.iiH ^1 l-ijcj ^ ill d j j lt^ 

^jlII |4J (l^Ljuu ^ ^Ci...\l^l 

iCjL^LL^I C4jJL>> .^Ll^l ^_ylc. L^JLjL^ i^fTr^uMl 3jl ill '^j 

A. t S“ 11 fy>^ tj- ^ 1 -^ - i .3JliJL^ lZjL>> 1 _>«j LilLii^ c 1 (jL^ 

d 11 ^ g- cCla^ t^ d iC <. ii \^^ ISLi^Lijii 0^ I11 t^tl t A t**< 1'^ i L 1 

^ ^ LaL^ ^ *"‘ ^ 1 J ^ j^ 1 31 *"«I .^ ^. ■■ jj^itj 

t n Injij (4_jjJ_^>Jl |cSJl 4j^Joj J aj ^ ^ T ^Lc cliL-scjt jj> 4 U 

Lj-jLiLo (j^lo-aJI ljuj!b Isidor R^bi a 


.((4ji^I^^Ij 4^_L3JI 3jL^Jll 


« 

.» 4_^L} 


: LjJbL^ 4 ^jJ'>nII CjIJlj 

4x.^^_i-u cIxjI^^ ' ^ ^ ^ ^ 9 A**^ 4_3-iiu-L^I ^^^1^ ‘‘ “*> 4 J 1^1 1^1 L<i-A jL J w t 

4It^r ^LijI (_^j^I cjIjJ^^I j-stj! .3^ j“i aj 4 JL 4 L 4 j>ju3_l]l 

Ijl^ La Jlj>- (_yJj (JjtAJLj L> .>> a jjL^ 4 jI jj_a ^YO 

" iiill ^_ 7 L^ 4 K J tKjU jL^Lb! 3jl%j |a-u3L%j 4 j 1 V] tjd^Luil 

3jj—>JL 1 J- ■»■ "T 1 CjL_j.ja—^tloljJLI ^I ^ ^I 

.^^^' |^^"iiii II LiUj 41 jL^ c 1 )Lja^I ^jla ^I ^j_uLl_U I 

cjIjj^ juJl^o L^j^j (J^L^ i^jjb 3jjJ 1 4^L^ diL^JLioi^ 

lIUjJ 3JuJLjw a . 

4-klj ^ Lri^ Cli^Lw L^jL^j AjLusIj^I CjJLJJ 

- ^ ‘ ^3‘i ^^La 4jjlj 



bSjl^^l 6j^l 




‘*jr j (yua^\ j_L^LiJI I Max Born ,j.u^L-«» J ^ 

3jlL L^La i Ludjj Jj-j-3lj 4j^ ':r iTI 4-ilj^t (GottingCH 
jj j *^-^1 ‘^ t^^Lj LibjLjiJt 

^ -'>*1 Jl f i-< ii 4 (ji^Ls— lIL) III i^g "< II ^ ^ fau ji^l -tt ^<lI i4 J,j i4 

IjIjlI^I *4_iljtj 4-ijj >La*L tj! Pascual Gordan 
.matrices «<-1 1^^^ ^4^Lxuolj^i Ijlijl^o^ 

^ ~ lLU" ^jC. La Ifu ~ C.iJ3r.i^ jj] — 4_ilj[^l 

‘j^ ‘ “ «.Lij1 L it .^Tl ^LaJI Jl 3J * (jji^ (J-QJLd lLII^L i-i^w 

O^ 41^3 ^1 cU, i -a- o (jL^j ‘6j>r?d OJ>? 

^ # Ul 

4j£L4-}_^ '"*' **J n 4_j| ^LjL^ 4-ui_aj 3 j)-AJL5^ ‘^^^^ 

(_ iijfcj L-4-^ ijijj !l JLau-xcSuJ Lj <i9J^ ^ * !!!iLjL 3 (JJL^ ^ jl-uL3 . 3 jlx.I— kd.1 

. (JjlS ) LiUj Juu udj^u!uja 


*U^-L?,5^3 OJ3i ^j-^3 w ^ tSj—cuL^ lLUj t. < iLr I 

(JJlJI (Dreimanner Arbeit) ((4 j>LiJI JLvjJi» >-^j 

^ J- _A ^ ^ t-t > ^ _^0_^^ ^4.^1 4.J^J^ 

Paul Ldlii^LiiiVi djLA ^ .matrix mechanics 4 j_ ^_^i l 
4_3l!L3e->a ^ j**' j jj ^ \ \ .>>u .'0 j '*' ^ L/.' ^ 4 .ji^L>. Dirac 

(J-Q-C. ^j 4-/3 ~la J-^ ^ .‘ *3 J (jjJj-oVl (±4Jt-dl 1 in J itiG '-dJIij t4_jkjljj 

4_j_ l4j 1_uiV! 1 ^V “ 4jt_ji_jJ| 4__>.jl _Jl 

Pauli <(^jLj» jaLaJI (j! *4 I ii3t£L!l ISl^lSLdtj ^^SLII l£^l£[ja 

4a.oL^ 3jj (_7i^ 3 jujlj^I ^4^1 4j^^J^ j3j ‘t-*" JjloJLj 

* J d 4^L^JI "• ^ JL:se.ja j..^L3 ■ L*i ■ /" . ..I 

.4.4jjLdJI ^a£JI 4 jjJ^ l^^La-a ^ ^ ^Li*iU 





itiJJj Jju iljj, t I ^ 1 (J^ <“>-1*^ 

L^ 4-j!i_sc-JI l7^-3 ^ t|%^ ^T'\ 4 -^LiJI ^-ipiuJI (J^^ 

3j£Ld (jri^ . L 4 L 4-1 4 d 1~ V a ^ 4_j^J^ 4j| 4_^] j^'*2 

i^3j^ (^j ^L*JLj 4-u 3L^ iJL^j cjIj-u-u 5jl£. (_3^ I (3^-^ 

Lo (j-^icJ^ ) Lj^-Sj 13IJ-4-C. ^yi (jOiilll tillju^j 3 ^ Louis dc Broglie 

i^jiu '^3 L>^ (J^ Ci^l f^ll (jl (_yj3 f^^jJ (^J 

5 'j ^ matter wdvcs ((^jLq cjL^j-d» LiJojI llILu^ 03 ^ o^ ^ 0^3 
aJJt 4j Juu La (2r^"i <^iijl . Cjlj^^JiSJ'^1 (JlLa Cjlj djLu La j-su 
*41^1^ 4^^]^ 3jjj^ 1 ^tj I iiyLi f^l^3 4li^jLi-a 3^^SlA5l 

^1j ^1 (CjL^ju^^Ij 4 j^j<uM^l Kj LTV ^^LlIII 4_:^jI ^1-3^ 

^4-3_fll^^j 4 ■^Li_a a ^jj^Su WSlVC funCtiOD 

i I jjb i4.^^3^1 ^IjJI Ji3j[^_Alj f^yCLJ ^jLftll J i^jLa ^ y ..y. 
CjjI^ L^I ^0^ V .j-aS/l ^jLj LaLftj 1 g ^ la ^IjJl (^Lj.!^!! ^ '•t' 

L^l Lt^I Lr^^3^1 J^ <*''■*-^ 3^1 ^jLlII Ll}jL!i:>>1 JL^ /3 tJ->^t3 

oLsejl TiA . 4j_^j-i.iuJ I JV^ 4^|,^^1 t~iljj~...A £“.Ur | 

d . .XI .^.11^ (^^^JLlLI I tr\n'Tt'UI f^y^JLi ^1 ^O-^JJl ^ 4 cl^ III I ^ 1 1 I^^-1 \ 

i^oSLil i li^ ^1 g l^^L^u . j-j>- (]^_j^_j>..3 ^j—v3 O-^ tl—uajt 

i^4_)jlx.^ 4^jjLa 4^LuJ9l^ 4Jilj 4.a^3^l 4jjJb_) 3,‘.‘ 


J 


ISL^Vl 


jrdju 


• * 


3 I 4J (jr^l Ajjdaiil j_ :k ij _aVI i^jlj ^ * lUL^I 

,4x.jL^ 1^1 C.t3_ij1 lLLIj 3^ *^^^ 3 !! d X .. ..MC!I 


^L_b M lyu dli!-*! A ^\ \ CjJJ_i^ oi^jJl dlij l^j.^1 1 jl 

^jJlc, 4 jig f ^oi^JUd ^^L3 j ^'oJL^tli 

Lgjj ^11 t_ i i r. I ^1 ^1 L?^"^ 1^ i 11 ^ ^ 3-ji^ull 

. Cj ^1^1,1 \K^ IL£l^ <__i 1 ' Ct^ ^“^3-^ ^ ^ ^Lx^ C4 J^jl^^I Q ^Lu^Aj 




\S jl^^l 6j^l I^}D 


^ ^ >1 ^ I JL^e-J-i-u I 


^c-u9ji (j! jL-ftj iLaL4-i jl_>-1j mi ^ji j-^is ^jLc.^^-_i_u 

cLJL^ ^JU L7^ LiiajI ^Ju^I c-dl£ l£ 1! j 

jjdb^ Q\j ^ A1".^ ^ jjSfLA Lijl^ 

ljul < Iii~i Vj V Ijl&j .4_^Ij^.j^ 1 3j-^LLi]t ljuLdJj i4i^44 4_^L^ V 

(j-u^ t u .^jt 

^ ^ ^ j ‘(jSLaj 4jjJ^ (j1 ^ S jS 11j L^J^j d a 

(>» L>^ ^^ "u 4_^L£. t-*<^i 

t~i liljii^ 11 ^I. .1 <t l 1 - *^".tl <Jiilj^G_i_u^ SjLc. 

(j^ L_dj_ LMj .^c^l l^L^Kj A ^L:^ 4 ^ji i .^1 j ^JL.>JLj Liiljj^l 4 j 0 mT 

(3£>^ L7^ 1^. Lfl^i 4lx^ljja ^L>JI c..i-*utVl 

iji<i Mi"i^U iljLxj] iGuuLHij 3^"^ (j^jC- Jl^LjJLj i‘‘4jIiS'>» 

. 4,A1I(.>^11 4_^UaJ1 Cj iji^.~,4,.ii, .A LLub-d (^jVl Cj Ld,ji.A ulJ i JuLfl ‘ 5jr j._. ^1 

i4^ i< II j"ill (Jjl iiill 03^ LLua-oJl 4 j^Lju jjlSL^VLj (jL^J 

4jl Vj .4_^jH iiljJ ^_^J_iJLlJ 4 li^ll Cjlj (Jjl I iiU 4 _i^L^j 

) ^"\T |=^Lc, Laj-Gij 4^ Uju u*‘u. li >J1 j ^u "ll j-3^ tjLc.j-jji 

^^3 4scattering 4_j^a£Ll1 > 

i^^SLJl 4 ^LjlII 4£^j_i.u_ilJl jjjioj L-fllj^l Jjl jjj 

^ 3jL>> d•jU^ i^jjL>. ^ Cy^3 i4juj^1I 4^Lg>>VI jj Iji^ 

jlj^ Cr^ 3^ 4_cuAj ^LoJIajlII ly^j (lh*J • dj... i^W j^ljJl 

Ca^jJI j-x^lj .((l^LGjIj <^1 r L)) tjG.JuJjl JlG^ .(jGLiiaijI J*^ Ld 

JJJ ^A d i ^ J, Ij J1 JuJ! I^J-A J J' “ 4 i I Ii.tm 1 djL.4 .j 3>5 jLiJ^ 11 d tj% t 

4^1 AJu ^ ^4^1 L$L 2 -»■ ,^i d i\ ^m ^jG-colil j^^3 ^33^ ~ 

i^j"i I <1 A ^Lc jVlj ^4-AI^GJI LGoBIj JIa 1 4 j 4 4JSLJ t^Jus Juul 

. JLill t (114*> Jljj V ((_ySlj-<_u^iSLIi i(J-*£.l 





1 A lj£^ ., S 4 j.:wjJ>l ^IjJI ^ <*'* IjLa 

i ^ f*Cl (^I ^jC. 4-1^^ *.4 La 4_^^l ^IjJI p 

Ljj^ La J ^ O-^ ^3 -ft J III '^11 4-aL^. 

^_^Il!1 CjLuiL^I ^ A I" A ^1^1 ^jLj (J-loLsu jjL Vt .*iVl "i'^l 6u^j-3u^ 

4^4^^ i43UaJlj 4,j 4^J (^^o^j-ll CjL^L^ ■ a i^1! Lft^|j.j>.l 

. IjlSLaj LiJjJtjJl 

^LaJ) i JLiill . Lib 4 j 4At 4 Xj 4 g Ul ^ 

j-4^ X J^j)) :i j 1 4 ! i4 H^_i 1 11 -^11 (_^j X ^j)) :t. 

^.jJLI j I“ 1 1j ^ LI 4 i iiM^I j-IXjJl 4_^:vj j ij^l 

. La Ju^l^L pj I ti-^Tl (j! p^‘^j t Aj. ..la ^ ..Ij^U 4j|<n|| 

ciJLa c^ (j£^ *fa^l ^ i^A Ij-^l ^ J it "1 g i^4iu 

l^l^K,^La ^^~&^3 Cy* '(J-^L^^I '**',* ^ <jUSill ju^lltJ 4^L>> 

j ^1^1 ^ La i JJi'fc^ La ^l£La J-^ pj ' - (jl^ I 4 ^j^L t^oSltl 

^Jjjuj Igj 4 cljVLa’i"^! ■^L.Sa i^\, ii^"j ^1 .^l£JLI 4j| ^L2]l 

4 j'»U < III! ^1 (j^L^I Oj-^ t-Uij.^a'ia jl ^ L>“W^ 

l^jC. LiUj (j-jO J 3 LI Jll.i Tf'i i ^ji ^jU" .rH V ’-^J—UJ-^ J>-^ .^4^1 ISLjK 1 ^ 

fi 

(jl (jSLqj V (Jd *i mil j^l^l)) :j^ . ((4_la3*^LLl ^ d ~ < n a ^cj-^-u-:^! 

(J-uiAJ (lIj.'' “j'.*) CjMj .»4t\-^\m ^JjLjjJ Vj j-aI^IcLI 

i ^ j 4 i*<l Ll» :^L!l]l ^ >>ll .((LaIjI i 4 1 f u L^ J 4 i irl Ll)) ^(JjVl :jua')l\ 


-» I n ■ '■' ^ '.i^LJI ^4 ^L>JI Lci 


LiuC 


^4^111 l^j A >4_j_%^l^l a Stl jL%jL 

_ a iiJl .(Jij tIjLi djLi 4 4 — ^4-1 — I *1— ^ 4 J —4 ‘ *^l ^ _ ‘^3^ 

^^^.4^1 4^L^I t 4.^^4 j_i.u^nJ 1 a-.j .vti t ■ -'*■ * (^jJI ' U L • Jijj \ 1 






lSi^I Sj^I 


(JL^l (_5i^ ^ttSLll ^jjlUjj ^YV *j'*' 

lILIj Cjj^JLi 4. u Ttj "i-a 1 i^jJl LiJI^J 

4^^ji,1 4^jLt-4-i 4 ^Lj 3^^ jtD\ i^ll ciJljjJ uIaAI ^YA ^LjlII • <LluJI 


tj\j <L:^jlj. gU tflLiLfl <L4 jJL^ ^jLjc -4 j-tXi li i^j-jLj-uJJI 

•M 

^^■"■ (jLb *4 4 j 11II jJl^ 4-jjaSJI 

4-CJ-U4J ^jL3^ j'j.-iJu^Jl ‘"^1 CjIj 4.1)VL^JI i4 j^-j-i.iuJI oVL^Jl 


Cj 1 11* 4jjJ^ ijr^3 * U3J 4^ j ml ^ 4jjJ^ f. LIj dJ 1^ J ^ J? ) 

^cluiJ ^ LiiljJj (jl ~ BntipHrticlCS 3jl i>> a ol h 3 a \l ^ a 

.(]/' dJUjb j-aVl ^jLj 


. LaLaj ‘” \) 3" ■ »^ji oL^Ll^I OjI^ ^YA ^ 





2 





■ ■■ ll^J 4 L 4 JJ 

CjJ>-IjI (jl JUlj ^JiLsJI 4 ~ rt 11 

(JlJlj aj j vVl (3^ i L^.x.d.i'^j i ^j 

\ ;_^Jl-j! C. JJ—dJl Ua^ I—uajt 

- ^Jj- J" ^ 4 i <u1JLj cSJUjl^ ^j) 

^ j\i (^J\J ^ ^ I L) ^ ^ ^jL ^ Mil I U 

2 

E — me ''‘‘ * * ^ ^ ^ t Lai A V “i < ij 1^ 


•lP>H 


F = ma. 


( 2 . 1 ) 


^1 tJl ^ t3^~’ ‘ "■ i^Jo^ca-dJI IjL^ 

Li^ 1 IJLfJJ iI 4j^i^ (J^ La j-I^ 4 (j^ 

^aSLjo iljLtja y ’tA 

3d ^ Cuj>iJ m ^ ^ 1_ A ^4-1-u— 

6 ^ eiJ^Ju ^1 ^ " ^3 ^ L>^ 


1 i^yjSt ^_j.LaJLi 

. 4i^ 1 JlA 





_SJLj I—aLcJ LAj-jJ _^ L>^J“-^ LT^ t(J Uj-^ 4 l~i^ !I 

(^1 tV 4 _^.^,hi!1 ^ a ^41_jt t.J 1 ^ ^^L.ui_^) ^..I j ^ A 

L^ 1 Jj-j-u^Lj 1 ^ ^ j o V ^ 3 i F (—31 11 . 3 = ^jl 

Ll^I jLj^VLj jii \ fllLj JJL>«J V L^jf t((4^L:^l» CjLj.^ 


)l_4-^i luti ^_^_3 "I * Lt^ 3^1 J Mill 


JLill 


u>^ 


(jj^i ill! ^1 tj) 1*11 njl ij) ^ ^ ^ ^^ t 

‘ ■ ^ i^'Tt 4-^^_>JI i^jUll \ • i iL^TI 

4^^ -<■ *j H ("< Ml jtj t ((41 t 11)) ^1 (j-^ i j ^ ... '> [ q. C ^1 

• cA L?-^ *^JJL> 

^L>> 1 4.^jl-u-Lx) 1 ^L>JI (jf 'it.lI I...v 

4 4-^^ -*JI 1juJl_>oj -3 ^ 1X~ 111 4_£:j_uJi ^ 

^ I cl) jLSfe-) 4_x^ ^ L^ J ^ ^ ^ (j^^Li_uJ I L^ ^ * cl^ Lj L^j i 2 a a ^ j. ■.. i 

(jl ^-jJeaJLj t—4-^ V -j- 3 .^Tl LjjI_ ,H a L^JlI^ 4-^^ Ml 11 jljL-a-^ 

^ ^ ft 

ca3^ t(J 1 !lII ^Jj .1 < i» ^(_>^^^^ cA^ ^ ^ .* 

4^1 ^ij^l 1 M ^ “i )1 I i i^! . t a4 cA-^ 

5^~aj 4^^ Te.*i 11 1 (_A-^ cA'J ^ ^ A lT'-J-A^A ^ ^ ^ *~r^ i j r 

^ J J ^' LuL-ljw 4^AA1 tj^Vi d 2 l2 , a t^i C~ ^1 

LiJL£Llo.VI :((j 3-^^^—clv® 4, 3 1" V_a t 

^ ^ * I ^^—LJLJ ^ JlJ I > . .■ I1 4 1 t ) A^ I ^ t I ^ a ^ 4-4^ I t a . ti_ rt ^ 

CjljUaVI Lju 4_JwJl_=cj (^JlJI j__3jJI t3j£Jl duc.j-LM jl Jl. ijflj 

^jl ^n' (jA^ JL-cl LUJ Jl_3j lLII *v~i -cVI if. i I 1 t ~j (^Ji llj iSjljjJl 


. t JL^ A a 13 





^^jjlib <?1 i~ ))1\ i-j j ■'^ ^1 Ll^ i i I <iLm i^jjA 

t(ji 0 < ti ^ji_j aJi O^ ^jJJL-iJi 1 JlA flj .^2,1) 

jjI i jl . (jO— ui^LjlJLaj ..." a (_^-i£- I gibLl j*! 

B L^j jjJj (jr^^ 5j_SJl *B ^iuy. (_yi^ F ( A —^ B ) A ^ 
SjL-tfuVl j j ■“■“ ^^^ j "V. * F ( B —^ A ) = - F ( A —^ B ) A 

^1 ■<■11 V> \ —i(JL-jJL1 (Jj -A f u — aJLl 3oV1 4—^1 uJl 

Vl .>^11 JlaVI ^ j a L^.j_uL 4 -i pLiiil La dLaol . ^L ill 

^jui^LaJLl (^Ja (ju^) iii~j 

(j\ La^^i-a 03^ o' cr^ (^J^' ‘ ^.t ) LH^tH 6 ^^ L>^ 

jl Mill 4 jij aSh~TI ^^LaJLIj (2.1) ^jLaJLl JuJLscILILj 1 a A ^ • j 

.oMc .1 L 4 JI 

(j! *^1 5 Ll>JI (^yja 4..3^La 4-4-tju j-ajlaj (3-*-®^'^^! 

C7~^^ t^La—^J^l 
3-i^^Lj 4"« I M j\ (, 7 ^ it a 1" V a lIiL^ I ji'w JJl^ (^LaoJI) 

tj^L-a-aJ 4 j , II jU l t t lij 4 -^j_^ 5JI ^jl3j_SJl . Juu ^j-c, J-a aj L^jV (^J.i^LaJ) 
LbjLj.J-c.1 IV fc .a ^ j ^ -^ti \ 11 Lju^I 3 1 nILj 

>i * > (j£^ ^“' J Lo 1 i i \ t J,.^L^| ^LjL.d LbjL^O ^ ^ ^ ^ 

\jJt . i^\ a La^la 3 ^ ^ a » n ^tl Sjjl ^’iU cutjjJl 

^^^jOjlJLIj ^aj 3 ? ^ M ill « 3 _i-iDM:iJl)) 31 (_ 3 .-Uj 

l^LJ 4-La L-aJ 1 4 a ,j L*l 11 ^^ ^ 3 ^ *-LU J . L^ La-i 4 -ai^n 1 

l^j a (a Ii I■ > -)l aj jjx. ^ t 4 a j ^jULI t a JwVi 

Cjyj L_a ^jj,\ 4_ -1—aj) j ] I iZi ^ j » S ~ I j ^ _ LlI Ij 4_Ll^J I O 1 j ^j ^ I 

4.^jL^ :(J—aAlLj j^-pju 3^^ *^^Ji OJ*^J 3^ L. / ti 

. a J . ..jl-> \ i a ^ L^ ) 



^jl9UI(^|6j3Jlo« 




F = - G rrij m 2 / 


l^\ . ^2T[ A~iH^ t. i I i! 

.jj>^^\ ^ iti -^11 A 'y il (L^iaLiu) L^jl -y t t «II ^^jja 

t < I uLZiJ t A i n^ ji. V S a 

1 ^Jt I ‘tlTtSL! I LibjL^ I jj , ^ 'I ^ 'j * 4_^L.i.uJLi ^ L j i u * Lc.^ 1 0 d V>-^ 

djJjJJLI (ji-B tT ^ 'j * dL^l A tl 4 ^Li-uJLIj m 2 j m^ 

W ulaiJl 

(2.2) 

^1 (J“ ^ 4_JLL^i BjL^yi ill nLiJ cIajIj G <*‘M'*- 

^ 1 «<a j, iJ 4 j ljufc S"<)i j 4^jL^l j_]jjjLS .^jL::^ Sj-^1 

IjLiw ^jj^^juus» ^1 4a^Lul PjjjL^ ^JfjSi Ll^ 

. (j-O-J-ui JLj^ t»s a *X 1 ^ Aj i 1 " <r-_ 1 i • a ^j^4J <^jjJ f ^ti d «^l . ..1^1 i 

1 ^2^1“ r.. ..1 ^ y ^ Bj A (y\ <>»> 1 '^ 3jjiJJLI 2j^l 

t2juJLC 2^ j t I^ oLft J ^ Ljj^ a f<i^u y. jl 'I'tclj 4 -^^'LjlJI ^Jl^ 

. B (J£j A (J^ i^Li 2jjJil t_^j-iil () IjjbL^l) 


t(JL!lJLl ‘ 1 Jl>> ^ J* ‘2-^ ^4._^UL2Jj^ 4-^jL>iJI 2^^ 

^1 J ~' ^ ^4 L^\ 2^-^l uillj VI .BjLoixLa (jt-Lc. 

2^^ (JjLQ] 4^1 I III) l^ I n d 1 i L*i t L7^ i *itTi 

Ijuv 4^1 I <1 ^ 4jl^t a <^jL^ lLILu^ . (j\j 1 T1 (2tv ^ 

i^_)l3jVl 1-tA ^1 iu LTV (cr^^-^^) L>^ ^ /> I^I^IJ 

") “tl j ^_^jL-3eJl!1 .((^jLaJI)) (Ja£JI olj ^1 11\ *^Vi 

A J t\l ^ ^It A . ■ .. i tl < . i "i ^ V 4_J^J_^I 2 I—i.j>ii I ^v> jl .=:■-•,VI 

f^^PsjVI ■ ■■ J• ■"■'* 4 2l"('>iJH i^LlaijvVI (J\j 4jjaljtJl 4.^_jjkaJajl 





(4^j 1 <L^l Sj^l ^ ^ 'w. ^1 i_LLui V 

^ I n "^1-3.1 ^ J ^ i M f^\ I ^ "h ^ J^L£Lj L^jIj ;_p3jVt L^I V I ~\ 

4^jL^ ^\-j.<irwVI 4^jL^o j^J-) i L£;_S3 ^jVl JiLa * JjLalll 

4 ^L ol :y "itl 5j 3U ,j >.1 <f L^JLo^Lj 4 ~1~^ C.uL^ ^ \ 4 ^ 

tjj} Jfc La.^ m 4 i l"ijs ^ Cr-^ 

• ^ ^ t 4 y^ t ^ (^^jVl 4 i" ^ M il'ii ^ tF — - Gm M / R^* ^jl tlLj 

(_pDjVl ^lij_o H ^L^ji (_yl^ Jjjwj-o Lja p I n"K (_^i£. 5^JJll 

^_^jVl ^ 1^4 t ^ (jl . 4-^1 I nil ^jL&XI R (J::t-a R + H 
Cjj^ jL’iTi jiljiC 6370 ;^jLj_uj R) 

* < ‘*>^1 ^ Ml |^j)"i III a ^2rV jf 1^ 

^L!L4 cIjJLjxj La jLuL j-j^j LoJu^ L-A LkLU^jI jIj> 3:J L_dj-Aj,i 

L^Lmi I Ll^^L LaJLJ mC 1^1 JUxll ^I i-JLi-u?^ ^-A.a i .^t 

(JjjLojJI 5^ 

.(J<i I (it 4 I <>>jVl (^^\ rt "11 j 4-^jl ^Tl ^^-^LJjJ 4-jajLJLo I 

LaJllcj - 4_j^^Vl 4_^jL>Jl LaLo-J ^ ^1 ^Jt\ ^ .il Tl 3^^ .L i±^i^ 

4.^LJal 3^^ ihjji^nj ^LjajLit y A3J1 IJl^ 

(JiL>- * *i~<d ^IJLSj (1)^^ O^J t4j i^»jVl 4^jL:^l 3^^ 

^1 Iii~_ij ^La jufcj 3j_^t iillj A"4»" 3^ j.^^tl a^AjJi 3j_riAjl ^jub 

4 JA. 9 J JlLc ^jLlII ^ j f. (_p3jVl 4 ^jL:w t i t mt (J^>4_ul L?31 i~uii 

4 1^^ < ■■ 3^^^^^f-aJL V j33 *"' (,^1 ...“!! ^LaJ 

4^^ Mill >1^3 4 t^ 1, It TT J 4l^j^t ^JU^ I It if, . (J3 I tit 

^L^l L>^J Lr^' C^r^! (j-ait-jJl (j^ L^l) 

. LcjL JuI^JI^ LajLi 3 a 4_c,^^-uo J3 mi I 4£j_^l tJLi^ ^L^VI 4-3^j.j>. 


. ^1 L^Jjl 4i>.jJl (Jl^L LbL Jia ^J3 iAi\ «^jLiJt3JI)) 





C-Jju y ^ . \ ir j STI g ~!i ^IJjIj 

LajIsj 'tj^ L>-^ 4_tl£Lllj (5jjjL.d^ 

ji jl^i 5^1... A ^^Jaj ljub 

IM 

4_u j-^j^ 0^ Ct^! V t n II 1 <\ i j 1 i I JkSu^j . ^L-mVI 

1jl_j_jlj '-H>-*^ (j ^ ■> M i t l Jl .(Ji—Lj^l (((jLrtJH 

4l"^ ) illj^ jjV tjL^ Joj-uo J| 1 S t 

(^yialiij JJlj . “ i T I ^ '1 * * ■■ * {_} -^ 1^ ^ ■*■■11 

C fr ^ 

i Ji_L^I (^1 L^JLS^j-^ (>*J cr^ Uj'>^ 

J ' “^ i4jjij^ ^LIjI (JjI n"T L^ aL^I ^ .X*~ Ij- j Ij 

.^-jlLl^^I i11 ^ JLAJ 4jlSLa 

IJJjLb 4.,lie. Ld jLjILcIlj IJL^ c—bj I n!_j Ijl-ijafl 

^■*.M--^]1 ^7 >^3^ * 4.,a.Ic. ^ Ldj i (2.1) ^jL«J,l (^7 

<LIjI^ 4ilj_i_uJ S d ^ jJj--^"j 4-jl^ 4^i£. j-JJ^ fdJ ^jLt-u-^ V 

LcjLuij <»" ^ i'*• * 1 1 ji ■ ..n ^j.^iJ1 ^1 ... is ■ 

L^lj jL>. ‘V (2.1) ^jL_sJLi (j-^ .(Lxjlii I jIjl.2^ o^ 

(_^j_jfcj ^jl Jj_3 4-j_:^jLi- j-^Lj <~f '>% 1 (J^-^ ^ < u H ^ j"<^IIj 

*—(j^ ^ j ^ (j^L^ 4 _aj_lL3 

t.iJ^'*-">j 4jV Is 1 i«Q£,j-i-u in-^Ti ^-c 3j3jJLl 

t < Iii*i^"t V (2.1) ^jLsJLl .4 jlr 5^^J-d i^j-^l ^Li-ujz^l (jL;sB«d 

F 3j^1 ... A oLdj ltd (1)^ ^ 4d ^ d 4 I /“i djJk^ 

(2.1) ^jLaJLI ^1 .^^L&JLI lIHj l^JLdijJa^ 

igr^vity ^LdJi]l 4JL^ lt^j .4^j.2eJJ 4.d4J^l^J1 ^jIa-LI 

oj3 ^^ i.L'^I 4x.4 _i_mjJJLi Ld 1 .(2.2) ^jLaJLLj 3j^I 

^JLftj ^y d“ ^L.lju.jkS/1 ^Ju^ ^^\ S^J.11 3j_^1 L^Lia 





cL^IJj * (2*2) ^jl t gU 1 n il^ lLU jj i 

lJlJL^ ^J)Ui III C^l^ ll^l iJLoXI i i ii .4 rt 1*1 i^^JL I i...^lt A I ... I ti j 

j- j•” ^LuJLI uillj O*^ JuLjJI JUftTctJ A ■ ■■" (j[-d ‘Ct* n' “y- 

^ '- ^ ^ ^ < I I <*J Li^ ) ? i A 4^^^,^ <■ I I (I 11 < Irt a4 ^ ^i^l! I 1 ^js 

^' j ■ - 4^1 tl 4:>JljLi,l . Ll^ 4j^i.uJLj I 

^Lj>. I ■ i j s *“ .>-^ ^ ^.1—4.^I < II '>J 1 jVI i (j"\ II ^ 

4.^Lu]I cl^V^LaJLl *.J—I (^j-A c-kJL^ a U% 1A 

JljJu^O 4.^-i^L.ujI ^JJ) ^ J ^J 4_^1jlIjVI i^J^j_uiJI JuJL>OJ 

<(4^ijUjVl Li )> I tj t 

Jj->. L^a ^L>> L« 4_^_>J jlI^. t ^ ^ 1 

^^J-^Vl U^IjSLll jjLjJI (jj dn J I U uJ 1 (Jj-^ Li^ J* A A iQit <1 Mill 

OjS^ . I f^j£, tJ ti.,la,j.,.<.,M,.i,Ti.!l JU^)JLj . 4JI A aI 

^1 dlT^ 1^ ^j.Ai.4-dJt 41" C L^ jJl2j ^ .>»a! l _.^5l!l 

‘ ^ ^ 1 J.^1 clj^jljLja ^ 1 jLib 

((_y,J-a_^lj (JT^ t-d^ 'a- Jj ^1 * 1 ■> J ^jl 

4^j-s&-a t tjIjiXi ~ “■ ^ dL^I) oljJLalj L 4~ III > ^ j <i~" I ^j 1 j 

j ^jj I_ A J, \ ii t 5^;—^ olj, ~i aljLjJl ^JlA 03^ '(j^i ‘J""*_^ 

‘ 4*^ aIC a i J T* * Lajli jL-jfciJ ^ ^1 "cVi 4.^|^^.^\jl CjVjLjua 

4jji^jlSlil ^j t~ L 4 IJ IJUJL 90 La jljua JaJu^nJ ,\ j dj 

.3jl^ 1^ La 4_u^j 4 LiJ^:=fcdl 4^a^3 ^juo^^I ^^^ 

LljLldLLa (2)-a ^ I iiB (^1 (^Vt \ 1^1 <■ I 4 j'^L f^j-A 

^jX. 1 Juju ^ n ■ "'^ ^ ^ ^ jLLi_uVI 

4_^jL^ l^J-^ * 4 j^M flj ^jl f^^>-a-lJ 4 j •> t ^jUJI 

4j1 LS iL-^ \ ji ...“ ^ ^ 4 j^ ^ L>^J ' 4 






^ ^ * 4 ^ (jVI ^ i ~t c \^ 1 I JlaI f^li 1—4^ ^ t 4 LfauJL-a 

^ * * Li ^ ■ » * ftSl^^st—Li ^ j * *■ (1^^ ^I ^ ‘ * ^ JlI I 2 JlA^ i 

4j ^ 1 (2) ^ ^ 1 <^i 11 . 1 Jl^ i .". ^ n h 1 ... M \j 

^L-luJ 1 Lc.^ jLLujVI d. ij All t Lt ^^j-OrtlrLJ^ja ■ ■■ j 

^JL^ Cr^ (jljU^l—(3-^^ * d iSj^ *“J <—d^-i-u 14^14 

4__l uijJLl — i.uSuf> J uJI cI^Lj^ Ijj (IjLJb .^^L.UiJ a. 1 ^ 

Lid 1 Lj *i i 4 ^ 11 2' jlaL Jt111 ^ L^ 11 h.1 AL*It^4 i t 

^j4*~ t .((^jL4^ '(J^~^ o^ L7^^ ^ ^ 

^ I I ^ j ^‘‘ ‘ '• * V f V ^ j p ■» 1 <-^.5"^ LLa (jiu L^ 1 ^ i_^_i-u 

jLL-uI cjL^LLo (^) :(J 1 J_<^I Ijla ^jJdj (jl (jjj *J 

jtjjfc-jud — Li^iLtjjl (J_i-d^ jl_SJ Sjj^LoJI ljufe 3.5 ■»"_> ^j) (^^ji *1 nj 

<u5 (jXc ‘t^ crJj ~ (>» ^i>-*>^ 


cIlLLaLm 4 JMj ^LL-uVI CjL^LLq ^j_4 J-U3_4_4 ^ ^ ^ J *»■_ UO 

^ <n ri .^., 4 ^1jJLaV! 1 jufc . inertial frames nfi (oIjUdVI) 

ljUb cl>-^ 4 ^LjiJI ^ _; ■ ... Mi ^3 n ^ I n 4 

^jL-j-ji—iJI ITl ^^SLj jLj-i-u^I jL^I 4^Lj t jj '^' ^L^Vl 

i -K ^ > . jlli.4-4 4 c. L ^ S "ij (.iUjiJ i4_I^l_i^ ^.1^ ^ ..^ “ t 1 ^-^1 4_i—i-u-li Ll 

^4i 1 ct'i-l4 4^^^_i_uj 4^3 '^*-‘0 <^LidlJJLi 03 ^ 1—iiaj! 

^id.u« cldi_jjLll ■ 11 V 4 4 J 1 Inj lidVI lLU jJ d .... ] ti I 

^ e. 9 

L^Ua ^ u^j t Lajj •>■ 4 (Jj^ cJlJj (jlsjVLfl * ^ 

(_^jVI itliij ^3^ N ^ . 51 i j t M i “r i 1! 4_i_*_u_lilj ^j\ < 11 "n 


d 1 ... i ti t 

♦!! j- ^ ^" 


3^ ' LI3 


I LIj^ y 4 (J-i-1J 


^ ^ ,'., t ^ I. ^ 'i4 t I 


^1 i i ’X 4j rr f‘4 . [jj-dE-iLJ V ljub ^1 VI iS, t j t itl ^ i 11 

fi 

Jl ^,\ V" i <t n ^ *{SJ 3 J^l L^ ^-4-^ L^.l!L>. 





V i I iSj^ ^ tt ^ ^ ^ IjjLIal 4^1 j <lL3JJ ^ ^ ^“ • * Ijl^La^ 
(_^jVl (J^_ijj 1 (_yjj ^Ij <1 a 1 5~. ..I I 4 dlt a V JjJLxJl (jl (j-« 

. ^.. I ^ L^^^ ^ ^LLI^Lcj^ i La jj.se^ lJ.,9~^ uJlIj i 

5^ ^jjjUn 4 j_Ij (JS-JU . l_i_A L^:>.^^_La t j ij 4 4_La^ LiJliA 

«LJfiuJ)) ^ jLfl o -* >> Sj ( jio »>> (_):dijJiA I (2.2) ^LIUI ^jULUl 

L^jljj (jPJl 5^_SJl (ji .ciction ~ 3t" 3. - distance julj 

-H <>"< t~ ^J)it a 4l\^t ^1 A A ^ I M'^ti B ^ m-^tl 

JL^jj V - ^ Ml cillj JlIa n ‘ ■■ 7“4jjudlAll <=> j ■ ■ ■■ 'Tl 4 a1 . ..H 

«~ij '>■ I -» ~i ^Q LjL$ 1 jl Ufll . 'a' "i -a (jl j ii 'Ol ^ i 1 

*^4 1 j.l^'^iit ^1^1 (j*3^ 4j.uaL^i 4^Li.ui,l 

(J—^^.9^ ^ 4.JLX.UU.IJI 4j^;J^ jijdau Lstujualj CjLj JU^ 

4 i^ 4j .J 4 t L jLw ^j[^- *v j (jl ^ ^ 4J V j-jL-^I (jf 

j. 1 2j (^Jja LiJLlA (jL^ jJj • »j H <X.j—io* ^ i ^1 4_^^^—uuJ jL_uu^V1 

^ 4 " i-uJ u.d^^.4.u 4^1jLtl 4^^^^->«Jl (^‘* 4-JiiiL) 3Lac.d lLILluiO^I 

^JLSjjVI (j-^3 * Lij^^ SjJ, i^JJ jj 3 j3Q>3 

4_^L3jt 4 j I fiLuu^l 4_JjJiaJ(JI ^ J l^*i i n“ V . i>t!l 4_ C.^ _ uaJ 

jU^l .U^IuuJI VIot (2.2)j, (2.1) c>-^5 

iJn'iU Ji ic. I Ju^ I j 1 *i 4 4 tj c—i^ d " 1 ! i ^1 ^Q.c.^1 (_7J^ t LljJ I 

_t^JI oljl_(Ui_4^ 4_^jw_a- (J-q_*iiJ (jyjJl ((^jL_tJl)) CjVL_>J1 

. 4^^Li,i Aal^liuJl ^^jja /4_U>_4L^Tl (.ljL>-LdjJl^ 

4 4^-0 I^J^I 4 4 i •»} (2.2) ^jLaJLIj 3ll^* U 4^1 3~jll 3j_3Jl j—uqJu 

. Ijl:^ (_3j 4 c. ^3-^^ ol j J- 4 VI 4 ^ j ^ ^ t4j^lj jl 4-iIajLc. ^JLp 

4.J i 11 “tCj t^JLli ^jLuijJi ^jl (2.1) 4J.iLjtilj ^jljLXt lLUj i^j\j ^4 '^JLj 




6j^l 


j 1 j ^ 1 ^ ' ..'^t 1 4,]^ Lt^ ^ > V 4^ L^ 3^^ ^ p^-- '■'^ 

2 

pj * 3 a . 3 | = G m^ / r ^jLaILj ^ t^*j 2 4 -l 3 £^ ^ ' ■ ■ ■■ * 1 ^ 3.2 ..."it 

2 pt n '>iJI 4 ^ h.1 A-'i *J 1 pj-u—>«Jl I III ^1 <—kjL > . 

ljub * ^2 ■■■“! ^ ^“ a 4_t^L3JI 4_^ljJI ^ ^ 

JL3j Oj 6 4j^“TI 43 1^1 “i^l ^jlII j^LjJI 

Lo^-jaj '4L^“ jl d :^ULl 

(^L^-ALi ^.^4-i-uJ i^iJ—4 ^^Lcu-lII ^ '■‘^ * * Lt^I 3... t '' jg * 

j_yi ^ gl^~t (jyjJl «4 jjj) 1^ 3 Tl)> 4 J 11 SJI jJL-ftljlj (-iILS[j_>.l 

^jLft-LI ((4_^L3JJI )> 4 i~^ 11 ^^JlaIjLj 1 Al~^ A (2.1) ^jL&JLl 

I ii^l^ tjl *3^1 <lU (2>^ 3^ li>~4 A <Lt 4 II ‘Mils *(2.2) 

t^^_^-iiJl (J-u3j 1 d ^ iLi i d^ 1 i4 tjt 4 3jLa 4«In4 ^^"13" < nd 

^^LuuJ) 1 (j^CuJujjl L^Lwi-df . 4 .£|JlJI i^jja ^jLc ,2*^^ t^^-i-i-ti.4 JlI^I I \ 4-A L4-4> 

^ilidll 4 jI-ljLc.Lj ^Ij cjLji^JIjuuL 4 4 ^4j t<(4.^L3jj|»j «4^ja«ex3jI)) 1"^ 11 

4 j i MilJi .4 ^LjlJi| 4 I <» iti 4Ju2 1 (^•IxJI ^<.11 

«* •* 

Cjlj^LiJI 1-4^ j ( 4 ^ jLiw) 4JL3 j 4j2.I^ l**.. 1 -w. J.»"•"! 4-4 LjlJ1 

.(space - time - uL^j^O ^jOa oUj) ,V.< a^UiiJl 

i (j^^SLI I) pLtJ 4 I... Ml t d cIjL1j^4-lc^ 4 2 ^ /tl eililLd-i^ 

oLft^jJlil 4 M t a cZjVL>- ^L^uJ 1 Ajl i"^l pj Jl^j 

I \ )c. i>iU 4 t i^il fri ITT ilj ^1 t"n ^ d J 4 (4.^^j) j jTl) 4 j^j 
jIjJL 1 11 d f^iTl aJL3j O 2 • ‘*4 L^jI Ld^ ti 4 Mill i^jJi 


La idJia 2J ‘'^.* <^-<-*4 (_^ijt.a jt ^ ^ 4j a^Lfc^yi 3jLi.c^:>JI ^Loia. <3^-^ (*) 

I»Llji_^VI ^ Luajlj ... II • ^ i;_^jljLk_JI l^LLa 4^1 4.^^ <(4_4^1^JI j .*.>H» 

jL»JI 4_kulj lL!^^_s«.1I, 1 ^^ J. J » J I 1^! 1J , A i A jJ^ ^~.!I .~ij\ ,.,"! 

»L_li~i^1 oJl^ c.^Lll »■dL.'^t.i Lojl 1 ft* U ill j 4x.^^-i.iJI , d«. .iljll 4jjkd3 lLIj •> ~i U 

wjt^;.LJI > UuL jl 3 .^ Ju4->.i. J :^^\j .^1 cLLl^ U, ^■ ■■ > 

. ^AT 3^_^L3JI i3jLua^JI^ ^^ItJI 41 j 1^.4^ 4_lja^Lu;VI 3 jLu3JClL] ^ q'»Tl 








(_yJl 4_ lIdVLj *(j-«-fl_*jJi (_yJJ Jji jlj_ a ^ 3l i^\ t 

Uf 

^jOJjLjk-^U I^ Ml jJ.sc^ ^.oLlJI 4.j_l_ui1!1 C-lLw Jl^ 

cJ[3 "< i ^ t i J^ *J ^^^Ja-scUI (J.* a 11 ("<a ij (2.2) j (2.1) 

L 4 ciUj 0 ^ .((^jLaJI» CjVI Tfll 4 t Mi 1 iLj I \ j~w t .jj S". t 4-^jVI 4jj-^JJi 


Cxli^G ^L&U Ji ^t jljL~<r.Vi Jl^VI (j1 ^^4 1 ij 

.c^l^£LII I5lj ajjjJ (jL:)e.x 4jfc.:wLlil l^Ldox^ 


1 


(3;!^ Lq^ . 4^l^J1 ^^ A ^jX. ^ jl^ l'».n I ■ . ..i i.fl tjj^j < » 

LoLj ljUJL>iJ 4 l^'fciT JU^ 4 I CjI a fj <1*^ ^jjn Ia ^L>- J I'tTi .OVI 
4 MM.illj (JL>JI ciLIjilSj • lZjLj.a^j cjLa«bxjx^1 ^i.j^ ^Vju 

JLS-jV f^^ljJl La .^LLaJl L^jL^ i*LA^ I^J-^I CjLl4^ 

^IjjI Sjlc. (jJLi-A ij^ljJI StlLLi (jr^ L-aj S4_^j-jtJLl 4 -J- 4 SLII 0JlA 

La 4 jiCIl 4.itLIaJt ji I~ g I 42iLUI ^j) ^a a *4-^11^11 

f 

^ jl^"i^L .conserved quantity ila^Lt-a 2 L^ 

^ i^LLaJl Jj 'a :, n j ijr^l 0 ^ lH* < u -skVI 

aJJ^ V ^ llaj)rt a j L^lj 4_dLLaJI 3jja^ 

j 

oLaI JiieJl^Vl Lt. t~ 1 . \a\ 4_A_i^->Jl 

. A A 4-Li-uJU>JI jLS^VI <.iIilAJJ ((4-^L^» 4 aKT 4_^j^1 

.kinetic energy « 4 ^j^l 4 :flLLD» ^ a ,,." 5l2LLd iJULLl 

CxjL^ ^ i II 1 aK i^LJiiJI t—Aj^ t~n i s .Lr>j 

1 1 4.^Llo 4-LLt A 4-C^ I gJ 4 ^cail L ^ ^ f t l3^^ 

^L^ jf ((4-1 aI£L!1 ^LLnJI)) Lj^I LillJjb 4ilSJl duL^ Loi^ 



^jl3SJI^!5jUlo» 


L« .^ y\ 1 potential energy * /\ 

4^^ JLI^j 4 I / u iTL *k ^LLo 4 (..>^J^^ L>^ 

f_^] ^J ^' 4_^LL3 ^j) " t S ~ ^ 4_c.^^_i-u t • A ^ a uL^ a i uj 4—ipa 

. 4^ v>- 4^L^ 


^j^Su ^jl V 4 -j£.^^-(-u^ m 4-lll^ ^L>. 

Fw 4_^y.^i|Jt 4 ^ 1 X 3 i^J^JU '{j^^ .>^tl jl Jl. 2^ ^jLd-4 V j1 

*^t_\ i»<^it Lax^d 

2 

1 2 p 

K = — m V = —— ; p = mv 

2 2 m 

^Lli:, iiu . momentum i2jj_;«aJI k.^ ^ lJi^ p = mv iijLiil 

4jLal lu ll IC cLIj. •:»■ -Jl 4 -j..4iX ^j^Ljus Juvlj t,«,i_->- Qji 

^2^1 1^ ^LLs OjSjS CjLal^xjjy I J.u»L». 

3j_2Jl (jjpLSJ I S ■ (jljJiLjJ ^ A j i <1 ':^ ^ i^j ^LlaJ (^j Vjl 

r 4 jij i l l i^LxJii -fl (jr^ JL_«_J_»JJ 4 £y-Sj.^ 5 j_ 2 Jl .( 2 . 2 ) 4 jjL_*JLl 

iF (r) j_AjJlj 5^_5J1 SjLiLyLj U1 I Ij-a j mi \1 

^ ^ ^ 1 i JlA ^ I Jlxj . r Jl-c-“l.O F 1 ^I 

' CJ^ ^LLa . 4jy!^^^l 3j^ll Lsl^ LjjjI^ 

. 541 w.t I Ijl^ a^-^Wj ^ t-if + A 541... aj f 5_4l ...a ju^ 


fr 4 


:6' l5' 

- F (r) A ^LLs ^ jtjll 

4,al jII a Ju^ V (r) 4 jit 511 ^0x3^1 4-^L^ J-ix 3_90 alll t < 1 it 

4^LL.u-ja f^j£. Ij, 1 i“i il 3^ j t Tl d) 1^ j i ~ iI aJLA 4 t r 4 1 

jj! 4 ^11 aIrnlI 4_^jL%^l 4JL>. jIxjlI,! . r 4^L<.ntl 4^t^ 



US 


^ jLii-iil 


V(r) = - 


Gnij m^ 


(1 ji^UiJ) 4 J < » ^ 1*1 b /! E 4 jl^ll cL^Uail 

Sjjj^ljj .E = K. + V :V K ^j.^JI 3-flU^ (J-^^ o4 

: L^jjuoj I 


E = 


Pi 


2m, 


+ 


2 

P2 


Gm^ m2 


2m. 


M ““'2 

<L^L^j ^^1 4-^lJ^ :^~ij ,<^^tl 4 c t Ju>Jl IjlA 

< rt ^ t"!!! 'T a (j-^ t^4 ^_ bL^JI Lldj-£. ^ o-^j) ^ ^ 

(^J ^ i ft . lj i. U ljuto (_yjj jJbjjv ;_^^Jajj V 

Cj'^^ijua ^JlUI ^4^jljfr xII^ <UJL2ijJI (j^l2lij ^jLjla 

4.^1SJ1 ^lla.H (jl 4jj^ 4.11 1 Cy^ (jl .0.11 ^ L< tuj 5^^ aJJt 

^ CjLj j j t “nj oL^-j-ijtjjJI (J-OJJJ ^ 4 -jjIj E 

^ ^ '*■ ~“ (jl L^aj ^A 4-^^ '><tl LIl^L^ 1 j-^Jt-ju ^_^L!1JIjj 

?Jl^ lj.Jb .4 JIjIj (JI^ i4^ljUjVI uLa <"ili ^ ■ ^.1^ i 


4i-L^I ( 3 :iJJ 1 —A ^1 * '**^' CjVjLjlX ^ j "' *^jl '^11 

^j-4 ^Ll\j 1 La^L^ (3^1 iiill (JLjJLI (j^ cH* 5 jl. 5-*_4 oVU. 

^j( j_^Jl.^ < 11'^ f^jj^ ^Q-LAJi^lj .(LjlftLiuj (ji-fcj-ujw 

<^Lol ^ > «y I ^-4 K 4 j_ 1SLI1 ^LLa : L^c-olal^ 03^ 

oLaL^^VI Lt^ ^ 4-ii5> 11 ^ ^^J^p 

4ajjI 3-^ 1*1 hil 4 j-(-u * Jlill (Jj 1 1 ti it-lil 4j Mi'^il ^j-4 ^J3 

(J 4 i"ij 4^l^il I A ^l A ll ij^hl\ ^ ^ j S 'V- . 1*1 < M 'vl 

3^3-^! , I 4 "i- O V I I ^ ^Ij 3-a 1 ^ 4,4 ^j_5JI 4_y3Lj uIjVL_>JI 




t£jl9Ul^l6j^lOo 






jju^^ 

* " t Llo-I^ JJJL_>. (Jj-laJsl (_5-^J .LdJj L^ (_yJJ 




5Li»LUl 


. ^ • j i11 d ^11 ^y\_i I 


L^I^j! ( Cu-La-d—i-u 1 ^ ciJ,q-aI jl-^-^JI^ ^LLa d .~.. aI i ^ ^| jjl_ij 

1I d a\ t-^tl 4 j~<^ ^ ^ ^^^LlII ^ '^‘* * 4-^L^JI 1 

4_i) l_L^ dj jl=c_) ! j L^ i c_£L^^ lTJ 4^^4.u.4 3j L j t <1 ^ Ld jlI^ . ^ lAl t ^^^-j-i-u 

4.^j.j>JI ^LL^I clilj ^tl ^jLaJI 1 ^ 

^ I^ II t]/\_st__i_uj Cjii dPi 4n! 4^lj-j>. 4-^1^ cI-Jj) ">■* t 

j_j_A Lj ijLA . IJlSLaj j-j_i.jUD ttljljL^Vlj 

^ ^ 1 ^ ■ (j 7 -^ Ld^ ‘^“ * 4_tlj^^^Tl S4-jjl^^.^>iJi 4-^1 Inll ^JlA 

L^ 4_jjSUI CjL1j3-:^1j CjIjJJI (JL^ *4jiI^Li^ Sjl j i nM 

I i^it ^ < t d . ..a\ 1 ^-.-^^-*-1 Sj-jL-!j-^j 4_4 .jI J 

4_i^j_j>. ■ d \ 4_^LL3 ■ ^ ^jLa 5 A ^1 ^1 ^_^-i-ftj 

^1 ^^^ S''' ^d ‘ * 5 aI t-.tt If-. 4j a 

I 4_tJI « 'l ^I 4-^L^JJ d .■..«!l_) (jJU JL^ I JL^ JlJCJ j . 4-^^^^Lfag •»-1 
jJ Lj 4.^13^ 4^Lft^ 4j^^jj^l. I 4.^ I Jl^ i 4^ UaJ I 41^ jTi^ 4^ J. ■‘vJu 

Laj ‘^ i j A ^ C^ ^3" ^ 4_SLLaJlj 4^\j *> llj S^^Lst-oj 

I 4 ' J^ ^ jU ) ^ ^ " < 4 mU ( 3*^ *"* ' * , 1 4J LiA .t-dJj 4jL_tfu 

a j 1^1 tti t-~il ^Tl LiAjL.^ tCjljjiJIj CjLjj^^^I (^1 ^ h nj 

aJJb ij\j ^ 3^JJi.l 4^^1 <4^11 jL^-j^l ^LLsj 4 j^V 1^ 4^ljj^~i^!^^ 

^*4 \u] B j A La. It it *4 .4_jjjJl uIjLj^SJLI 

A y A t-^l ’ijij. "i^iv 11. 3jL_tj tijjL_5cj D J C 

*1 jJ 1 D J C (j^ 4 a^ jyJI tj^~ji"wljJl B ^ A 

C ^j^jjLLl 4^j^:>J 4£^^->- 4^L^ aj^ ((jjj»3t^)) t__d^.j_u 3 Jlj 13-JI 4^LLaJI tjp3 





cL^liaJI ^L^-uj1 f^lJiJL) ljub <1)-^ - ^ A" tl O ^ 

(jL^ Ij] i^jui^IjlJIjJ * 1 tf ~< 11 ^1^ 4.^ CjJliwIjJ (^jjl il^J -><ll 

O j (T ^ ^J-jl^L^ <1)—^ j/O-oi^ijJI 3 ^ A- ^^i-^Uo 

4 j *>1 \ I 4_3LLaJI j^ji 4_^L^ i *. 1 f.u > V] ti.l n V a *Ji (j^ i^jO-jJ^tjJI 


oL—j^-SLLl (_j-Lc. 4j^ _ J _ ^JLl ^ -ajl^ 1,1 (jl—fl 3 0—^3 ‘B j A 

* La^gf. .^LUl ^JlA jIjuo^ L 4 J ^j-3»- 1 iM ^1 «aij 4.^1jL__3j^t 


.conserved 4 li^A« 


Lr^ ^LLaJI ^ 1 t ^ ^ ..I «11 3 jL^^I .4^11^1 ^j£. Ll^ 4 

*eV LajI w-.~. .electron volt cJj.^ ^ ...11 

4 i>- «^i J.4.M f* ‘ **-'^’ jl) I 4 

. Jl>.1j tf'jljui-A l 5>^ 4ia^ a. ti ^_y3^ I 4* A 'y" « ft} 

4 i / .. 7ti_t 4^LIaJl J3 jl.>.^I ^Judb 

(_yj3j . tJLS^jSLIJ (_yl^ Lqi \.tc. a^i jL^ (J3^ 1 ^ ij i 

^j^^- 3£UI t Aj 1 i ^ a 4_^LId 4^1 4 *» * < hIj 4jLd f iiU 033 H ^1-^ 


^_yS3 Sa^IjJI 3^ 3^^ 600 Laj). iS^o <Uij_cu t I j^r«S[j CjJ^S 

^1 (J^ O^Loi t~U tjQ SjLc. 4^Lt^l 4j^il^ oM^t^3J1 

frj-uaJl 4^LlaJl Ljal .0*3^^ eiJjLii-^ 

4 ljl4 cliLog-i a 


I 

(jj-i^ 4. 5l cZjI j 4 J 1AI ^ “ 11 4.^jL>JI 

^ J 

IjlAj .^Ll.u^^ 1 ' t-. ^ ..." ^ ^4 , L« 1-^3-) 4 j“jj 4Jijlj 4_dJ^.Inj 

^j-a ^^J4l (jri^ ~u ([_>.* Llstj-ual tiJjjL^ . Lfej^i l^ a 





: <Qxua^LijiJLl^ ^ J.V Ct^J ‘ Jukj CjIj 

(_7^l 1 ^ unn) (_7i-c- cjI iII jL**l )iiJ.I L^j 3 j-^I ((JIALI 

^ 1*^ 6^ ^^^' "JL^ 6^ i 4.i i i ^.>^1 Cr^ LIa.«^ 

l"iI (J*^ ‘^ ■^‘ 'I ^ ^ • ■"■ f^jji u_i^^.^Li •*■ * ‘ L^ C7^^ XI. ^ti 

i^jji j"'^ ^ J ‘" '** "*JU<1>^ * Ct^) 

LiLbjj 4_?ej>.jQll . ^)-lcilLl <Q ^^01 4JiLaVl ^Jub 

CjLjJ^ ~<^ty I 4 J Ml jlnl It AJJ. (J j M (^J) ^L i L-Ti A 4 ij "< 4 f^y3 

4jj) ~ 1.i * '"^‘■^ U^ JlaI < u 'fl (j"^ 4 I Ml 

oLjjjJiSLjy I (J*^^ (_,SLL-oV (JLj_ujJ (j^ LLkjj 4*^ 

i^jJlJLl ^j.*j1 <^*111 \S^ 0 'w ii-dJj MjJaJs . JLaj J iS~nii a (_yj|jjb 

4-LaL^ ^_^LaJ C< i <ijT ^j-4 i, 4 jx. Li J . „> u 

4 _j...._iLf>l (j 7 — 4 ^ * 4 T'* ' Aji "igL 1 jll£. ^ >t>tl 

4_jj^^ 4__j|jj JL>.ij ^-Lxijj LiJj-S jl CjljjJi 5jjJ-Ll 

. IjiSub^ ^e-La-i_uJI 

i^j^l i ii^^i J^4 -l1ij 4-^LuJI (j? 1 oi"i a L 4 L 4 J 

. 4-j-a^ 4 _^j^,^j LjI j >■ I cHil !'> Ml J ^ i 1 i~i 4 j I ri i ■ 4 ^ ti 

,r 4 ^Ll.u^ 1 ^ A" ' lj ^'*''"“^ j(JLL o IimjIj 

^Lj>> L^4^ L^L^-j '^ ^^ ^ d 

*^l*‘i A Q* "1 .^.tl IjjL^j cjjL^ lj| ^jLjb .4 -^jL^%JI 

^jL^ |jj 3^Lj A Lc-aIjl _^1 

i i ~ . . .1 < T LLA «dijLjLj)> 4 ^ I t l J .. t ^ aI~ jI ^ I ^ I <y IdjL-ti^i 

^ (j* 4.^jG ^^M':r■> ^L^l ^1 ^ it") 

:3j^.A^il L^^ftSLsbj 4 j^iLx^I t a i^\ 3jGJl I Jj« 1 






F = QjQ2/r^ (2.3) 

Q| Q 2 t-jj—uaJl (Ja-dL>^ (jl > U^ V .(jl ~ i-a- J 'u}\ 1 <vA Q 2 J Qj 
ol^ IM l 1 il~ V 4 ^jl"«!'>■ f^ill 1 j| LJLi-u 


Ldl ' t _i\L-<JI ^j-iA I ^ ‘ ti.i.tl ^^ ‘T ^^ 

jljk 3^^.jJLu9 L> a \ — a^Ij — Ll^ * ^ juLnil j^LuJt ^'•" ** 
L 4 L 4-1 ^oI^UlIII ^L>JI Lo^J . ^^^t_uua CjI 0^11 n-y i^\ i Ajjj rr mi a djLo 
t^jltgi! 1 S il*» (jOJ-Sfe-uJi u^ <0 

Q] Q 2 


v = 


(2.4) 


3^JJll 3j-2JI 


3. U. i C. CjI isr ,4 » CjLaj)h)<tU 4 a UL 


4 -jlr. L^j jjJj (,7^^ L^3“2iJ ^A. jjj—<Lo 

^A J ,^..r^l A^LLa 4 i. sb,,*! 

.diL^Li!lJI j^jA~w (yu jl 4^^1 CjI^UU 


LltLl.ae.juJt LT^ A ^Jb La^ >1 ^ 34 (j 11 ^j 

if ^ 

VIJ.X- ^ AjI (jJa La t • L^jISLo 4~ iMt 

t ' ■■" ^ t 1 t 4_3j.. 3.>> LjJa.^J L3J1 ^ L^ 1 j I Lq-c, A^ lii 3^^^ j luj 4_b^^-ui 

ALusLaJI 4^al fcnXI (_^JlC. JL.A.3-AJ AJu.jua A.txi>J JlI^ 3^^I (JujL^ 1j} \ A C 

(jl JuV (jl^ A^jL^I ^L>. (_^ l&l 4 IgtTf iJ 1 lJIj (j u at , kJc 

4 JI 'w L-a| .4_a 1 ttl 4_j_j_uJjl A^t\ t jj)L^~J 4^1 ■'^yt jJa3Jj 

lIi Lb LJiiu^ t aJu^iLuj Lh^ ^ ^ ^ L^ I (j Lb a.i La ^ ^ ^ 

w) " •^ 4 3 3 (^jJt jLa^yt (^3 l^jjj i I t CjL>.L'^ij <Iu.ja1c. 

j^LJl o^\ ^ James Clerk Maxwell Jjj-ui^La 






** j.v fields cijVL»JLI ^ ^ ^ ^... j u>i /• T LT^ 

Sj.jJJLI 3j-^l (jp9 t I Laul^j .3^^1^-uJtj 4 j<II jl^l ?*lij 

Lin i uj^ cdJ j o jl>i1 L^jJ^ 3j.uufLj^ ^ (2^3 >■ Ji 4 (j^ I n ^ (J^^ 

CjVLjsk^ i^jja ■ ‘ &L&Ja-3jl 3j|jLaB-4 ^ L^ ^ 

JjLA.d La (_7^ 03^ 4 j1 (_y^J • 51 i^~ a ^ j ■ ■■ jH il 

La 41^^^ (J i^-^tl Iju^ LLiI j^ju^ 3jJLSb^ La 4^j_uO l^j-SblLa 
.^La^lj U^^d.1 J~-^ jl^ g" 1 iiL -S Jjo 4^L9JLI cIjIj aS!tl ^1 .^^gSUI 4 j^-1^ 
tiuy- j- ^"*J3 • I ilil g j<M I glln(.^^3 

3^-3]l .pLuaoJI ^Lo-i ... jH c1jVL:^II I ^ aI ... a 

^ j**3 ** Lr^ ^ oVLsba ^^i.«.a (^f L7^ ^3^3^^ a j ,..jH *• 

JL:^il ^ 4 - - y -4i CjI g . j M tj w ^ 4-1_i1L 

E ^ja^jJL X, y, Z L^I^Ijl>»| gL^iAll 4JLa^j t jlIc ^^^u.ii^^LLjJLi3 

^ « 4 ^. ' JL^I jj--j B (x, y, z, t) J (x, y, z, t) 

^1 ^ ia LaLjoI L^ ^1 ^1 t^LlALjol i~<i J ^ c1jVL. 9>JL1 (j! ‘^3**^ ^ L 

. Ijljiia L^J 


«. IV «. . . . 

4jI A^ijuA nr Ml g 


^ L^ 3^3:^ L7^^ *=*J >^..tH •ft g^^ jg^ 3j^l 


^ d * ^3 ^ ^ ^ ... ^ ^yULr^l 1 ‘ L ^ g ■ ^ n " *" 


CjI 


i>> ^33 ‘^^ ^ L> I ^U" t * ^ J i L^ ^j^L-^dl 


(2^1 - ^ ... J Li > • ^33 ^ ^ '^'^LJ ^ n1 i^aK L^f^ ^3 aU a^-u^L^ *^3 ^ ^mj t 

4 J I «i J In I i ii a33 ! i 33_aJLa tljL^ < n i 4 j1j JL3^ 

^ 5^ J g "1 g 33^ tjl a >) U 4_^j_tiij Q 4 "m ■> mi L^Ii-u 

4jjmL 


F = QE + Q(uxB)/c 


(2.5) 






£ JJL^o^ t^^juaJi 4jl 5_tl^ijl j**' ‘~ > ^^I1 j4I^Lj C '^ 

^2.r\-wjj-dJI ^ j U1 jLi^. B j 


^ I ■*!■ I ^ -*»-~ ^ d . ..A \ ^ 4 B j u ^ ^ :r " <; 11 C((_;^L^VI Lj^_L<aJI Jjl^L>.)) 

uB sin jii\5llj B j u '^‘ilLj jjl->JLI >uXi (_^-l£. <* c. ^L^l 

*-jj_juaJI JjL^i_ a- _Jj ^ o^j) B J U (ji-J 4^1jJI 0 ti*j _ >. (0 

1 4 j 1 ^ 4 ^ ^ (jl^ij "i a B J U pi 6 ? (j^ y> 

pt (2.5) ^jLaJLl ^ • I i J 44 ^11 4 4 < all . (pi JL- 4 I H ~|J 

LT^ ‘ ^ ^ ^ ^ 'T "* *" V ^ (J^—4.^_i_ul^ _ lXI 3^_4Ji 

l—uajl I ^ 4 * 11 ~> (^ Cr^ Loj 4 c. ^V 4 “< 1 “t L_dj-i-u B) 

^ U j U1 <« 11 Jl—:^l tJ. V ij V . ^ j <11 4— C.J—I-U 


t.ljVLffN.11 p^Su L^JlLc 4 j 4L£^ 4 .^jJ.j ^ ‘ “^ OJ^ 3^..jdJl 4.JL.j-jua 

*“'* 4^ laJLli I ^ J ^ *" P .' ^ ^ . 4.4jJ.jL.4 

4_j-l£iftU1 ... J I• ^ ^ . t*tVL —- ^' * * * •*- ^ « 1_ Lds\ _^ 

^j4 P^ .cljVL^m J A nn ^ *J *** ‘ ^ ^ J ... -^n 

fi !>■ 

VLae-4 LjQjtj pj) 7r Mill <11 Jk-t^J '(^^-ij LjQ pi <Lj.A^^I 4 j "wL llI 

^1 Jl1£.J . ' J ■ '•* ^ VLx 4 l_uajt 4j^ ^ ^j- '*■" -a t 

oVl^l ^Juk yV 4 'i 1*1 ((pVI) fj4jJI (j4 4_la^iJ (Ll^) ^LuaAJI 4-^^ 
4_^l_i-u (^Llik) (*J ... '^tl 4it <Nj pi-^ pl£LLi ^jLJ^^t 

LiiLi-ik^ ^ 'J ^J ^‘ * pi ^ * f(.i ^11_ 

^ PjVjLjl4 j—iM 3JL4_»_4 4_ajj.la cdij -pVlj 

^1j ^ a J ...J U.LL« a^j 5jj-t^ 111 

: jj-4^Lj 4 4i^"H11 ^VjJI 3jJl^ L7~^ <-4p-Lr^~ L7^~^ ' l^i J 4-4^.^ 

aljl 5tl J Ui. ..Vt ^juk (^JfLja 4_4-uSLi ^ a 1^tx11 «_uil^^l i^jJLl i JUk (Jfi-4 





cL>JLjua ^JlAj <_iLli^l Ijl^ (.-i-L^mi .CjVjLjlJLI 

iZj^j i^jja L^_:^LHj i jg ... * (^j_i_ij Lo-^Jj ' iS cIjV^LjlX 

.^a£Ll1 ^ cljljjlaj ^Lu! 4 j>>L>J1 

(.7^ LJ.5i^ Ct^ oVjLjlx 

LL^ i ^ ^ 1 S.a jtl ^ ^Tl i ^c^UI |jL:>> 


V X E+ 1 

c d t 


= 0 ; 


V . B = 0; 


V X B+ 1 ^ = liL j ; V . E = 4 71 p 
cot c 

-^ 'J ^' jLiliJI 4J9Ui!^ J 4j.Tr. xtJj 4^L!x5i^ Ur^ P 11 

>-=tj (fl—ua-All) tjl£UI ^jl^.j.,ir-V) Lo-aL11S^ 

4ji^ ~ a ■ ■■ I ol^ lilj .<;-:r.‘:,H ^ ^ 4 * «* J M l a t >1 

^ a A (_tt^ ■ ■■ *i V| La jLajJl Luajl ^ t 

Cj-%_1-1^ I <JVjJI o? 4-1^ (Jj_^ (j^ a h ^11 j|^_>QjJi Lat 

_j-3fci] 4 . ■.. «U i ^a jl^ c 2 j.jI^ L 4-4 

l^itl 4JSg^>JLll i^Uj ^ ^ ,_^L_i.aJl ol J-*wj q\^ — 

^ _fl_jj V ^ _ajJI tCgs system of units , ^ III 

.differential 4 iL>>UUI 


^a a ^i\\ -^"1 tl 4 _^j^.^£L) 1 ^^.aJJ a j ■ ... Mi aJuLJI jj j 

[ UL^JLHJ OJLH^] I ij > ^jL^l i Ijajla*) 

(jrGj^l <»" a tlrClse-iL ^j^L-o-stJ jjjs , f ^1 j h a 

4_jji^_^SLJ 1 jjjo yL.^ uj-^ ^ *5jl—liiVl (jCLallit—aj j1,1 atJ 

c}^3 a •j‘Li CjIj Aai^LUJIj 





(^I i(^;\jj_iJl 4 I (niTI .(2.3) j (2.2) tjr^-iljtil 
Jlj ^ L^j. ti. ..'^ti t jLiwj jLitj .r 4^1 j "~ti 

4^IiJI ^ aIj tl V (jj| (^ J' ^ 1 "i" t i ) 4^ jL-><Jt 

■ i-^S . ,.\ 1 aA 'if V] ... jl^i '1 Aj^^<tl ^^Vj iIjljv 4 fl j t tlr> L^V 

^ -i^L^ . ^ , ..^ ^ \ A ^ 1" C tiUlLaj^ ‘ ^ d ^ LLiV (_j-^ •-“ ^ c^l 

.^jVl ^ 


1^ ^ ~ * i t 


j j .".j VLsb^ Qj Li^L^ ' "* '^ ,* ~ * '* ^ 

3jli^ ^^laAJ .4^Li-ij Qj lIuLS^ IjJ LT^lj Qj 

:3jj) i^U ^i. Ljr" jp^lj r ^11II4 Jju 

E = nQ, /r^ 

jjJj 7^-^^ (j-* 4 ar "u (_^JlJ 1 JjlaJi 3 jL-^j 4 ^ H c***^ >■ 

tT JL&j ^Ic. Q 2 <.uJl ^ wi i u-*^ ^-u9^ i j| 

4j"i<! 1 ^jl . U = 0 jL'ig. 1 ^A (2.5) ^jLlILj 3^^ 

3JljJlC *“<i ... "^ LiilJjb U^ * (^'^) j ■ ■■■ La ^ 

^1 Lie JL^m 3jLji . E JL:^! I ii"i Ml4 

(jl 4JJ . LjJbL:^l 4 I"» < n 3^ oLaL^p^J -0 ^l—uSLdJI ^ Lk3 1 

4 ^If. \ ^\ g "r I i^-juajJLI 3.V Sa a 4Jtj E 3^-?^^ 3. V i» 

i ^^1 ij IJLA C>P^ ilLU Ju^ J-^VI (jL^ f i -^tl 4 i TT i^ii 11 


dJuJLC Cji 


ljuk 3^ <Sj-^ . aiL_c I 3l l^ U 




^Lull ^ 5^ TI 3^ *4_l^l mil t-ii .\tt ^1 i ^ J ^ ^ ~ ' "JU ^ ^ 

LaL 4 J 4.:^ JlLa j t, Li^ ju I 4 j_i>xgl ^*1 xj 'i-a 4jae_Ju 4 trmi 1 ^ 

3jj ‘ ^ CjVjLl^ 





^" A c1iLl%_iL d^• 11 cjVL^I i t^n M 

t*i 1 < ^ 4_iLuuiJj cjljj^^^SLIVI i^LiiJLI 

JLat_>a a aJub , j\ j ~ 11 ljufc JJLo 

*M 

L^i L..t 1 . 4^LL^ f^jja jJ ^ja j * ^^I J 

(JjLftj 4^jJI CjLjj^VI I ^ 1 <i 4 i tt 1^1 n ^V i (J jl t “i a 4j|j 

tixj_5tj Ciula jl_j_jJl 4_Aj—J .djLjjj-iSLjy 1 4 ITT <iu 

4_I£^1_1-u 4_j_ LM _^^LLs_<0 ^A _*_Ij LLiLj ^2>5LaJ 

fi 

iJa^pJLl (tLiJa-iJl ij...jUl:;^ VL« jJ^ jL^l .magnetostatic 

Lt^l ,\ t" Laajj >1^ rt *4 »^1 ii~Tl jui^Ti-tj 

^ ^ ^^ 1 ^ ^ j *^‘*'... A 4 (II! 4 11 <1 i! Lj^ . 1 ^114 < 1 11 

JUjJI SJl^Loj L~A 4 a I . 70 ! ^1 frl a II (^1 JU£r 

^L^jVI (J-*-^ ^^,.1, A-J 11 JL^I (J^ i/ll mil (jr^ fl I '* ** jj'il 

aL>tjl ^1 lLLLuJLj a Uj I ^LucsVI J, i J V) u-dj_i_u JLJ, \ ir . JI _i "i! I |>L:^I 

4_^Li_uJLl (jl (_^1) jl I i 3 a (_^^a_3Lnj LLa . JL^JLI 

lJlI I 5 j iSj^^ ^L>> j- .lLLLl^I ^^ ^Jj-4-aJI ^L-^VI 

1 solenoid ^ ^^ (^1 |<i^Tr- a 4^ IA t *11 m ii 

t- i IJ ^ l£L^ ^ I ..\ If. i ‘ ^ l_jLJ Lii (J I_I J1J_ a-^ 03^ J 'a-) 

(jpa c_a_Lll ^jL>. L^l .(jjj-L>JI JJ )A (Jj^ 

I U 11 i JJ ^j L-4 i i )c. \ jjj-^ 11j—iJLi^ 0.^^ (Jl.:^ll 

Cj^jI ■ A i i j ^ jJi^Vl cIjLi-uJLI^JJ 4 1 Ml i iljj .(Jj Irkll j—jL^ V 

, Liiaj? 1jLj.aAJ 4^L3e-a Vl^ mi I > .i^La 

I jL^ 4 Jl—iiJLl S4-^ajljLJl CjI I i u jlfol If U j£. t jl_a 

VI ~>- -a ^J-iJ 4.j| jJL^ 4 _t^l a J .1«>S 4 . .,. 1 J, ' ** * 'J ^ 

jL ijU.yi .CjIjI^ j ' ■■ *1 jj-^Ia Cj-^ i J ‘ ‘I 



X ■< .... IK X 


cjL^- t ‘“ t ^ j_ij V ^ d \^Jt 

(J^l_i internal 4 jl-^lj cjIjL^ jljw^ iLiUIi ^^3 

L^p 1J ^ . i . I t/*S \ I • A L \ t .M ^ ^ ^ ^ t I* A A l\ 1 I I ^ ^ I ^ 1_1^ ^ ^ • objJI 

SjJLii ^1 tJL^ JuJlI^j tljuzw I It jU>l it a i ij-i^ ^ 4_j_t!ul 

4 >a L^j-^ S^^ljJl djljL^I LiJuj .magnetic moment 1 j ... jULU^ 4 

^JlA a ^ jLjJLJI tSjJLJi (J^lj CjLjj^ "iCjyi CjL^j-j>. 

i 2>jjJi ^ - jt^LUiJ,t ^ L^-uiV1 I Loiaj 1 ciJLub . Cj! 

4j,aii (tH ^ji LiJjj_i_u diUj^^ TVi ^1 JL^ 

^L) jL^'lc VIj .31^-lJI 4^1jlI 1 I Vi (jjj 14_j j^jitl 

(_^ 5‘tj ^ a gi ^ ^ A N 3j_^ l_i£Li-i-u^'L_^ 1 

^ *4..$^ 'ir jtl 4-t3t-i!iJl JUJL_>o lTOU jj! 4jL-Jg LAjj_3t-o 

I^ij!^ 4 ,i.,Mij . 4 J L»rf^LuaJll (^^-uual3Ll.jm i-UJ>*J 

AJJ-US * OLA (.liJjL^ ~ w ^ J ^ ^ iJ ' *' ** ^ t Ij 4 4l^ wti^ 

4_^1 j t-£Jj-L>o 4 j ^ 03J 03 ^ 4 1 <1 rt t (J^-^ 

fi 

f ^1 ^^u-,,„j Iji^j . Lo jjfcj .intrinsic angular momentum 

♦ ^ . 

spin < h\ 1 tiJj__:t__jJl 4 j <1 ^ ... j Uil tl ^j_»Jl tijJu_56_jj (jl 

y» 

CjIj "*~ ^ ‘ 3l tl “XTM \ A j ■ ..MC W 3jj^l^J1 - o3j 

^LjlH iL^L4-i L^ jI. \,~t f.VI t 1 u Vj ttla3 4 j ^ ^ 3 ^ 4.Tr " j»! 

^ 1,1 1^3-3 ljuJLI 1 li^ jl ^JJ *'^3i ^ 1 ^ Vj 

of .>11 jljl t iijl^l it.-a ^ lj 4_5^i>Jl 

4 I iiiflLj^ . V ^1 L_dLiiJ ^<11-^ 4 jI ^ ^ '^JJ 

^jJlII l^t"T 4 jjI jJLij 4_x4iJ1 4j .mj ^1 i^l i^LJaJ (4 jLiju< 4 4.jji 

^ I iij 1^1 it <a ‘.'J 1 j 1 41 jl^l }4 ^ irfiVt Tr I l^Lt^ 1 j tu jVil ^ Loj.^ 

^4 j.j .T." A p . 4£3 jJI ’‘*t' ^Luu^^l CjjI£^ 





1 ^ t I ^ 4 j i u jl^l ill II (jL-d 4-^lj^ Ml c, CjLaI '^li 

l 4 

^ ^ ^ .aU.i^ ^ C^L^ I j| l_4l . JaJjLc^A ^ ^ ^ p ■ “ C)5^^d3 (c>^^~*~'^^ 

, 1 Iffciit (_3^^ o|-^ t^ljJi 1 ^ tijtr>l.l^U 

4Ja^^L4J 4 j i.ti jlol lt.U ^1 1 Stl 4 wi^LiJLi aJJt ^u-sc^ 

5jji ^11 4 2U < 1.1 I It jUIIaII (Jl—r^Lb % A ^^J ^ ^ (jLse^ J K iV> 

. ijL:^ • A ^ 5 j n^ ^_^Lj-C. I II jULl* a 

4_dj^^ f^jojAh 03^ jiAjf ^ ^/A B ^. ..jUl <• 11 

' '‘~^ 1 q a 1~ 1^ A nJ ‘ 5 \a li t«>. ..Ij t ^jLiJI 1 ^L^JLl 

1 • 4-IjIj t 'v j * Ali^L^I 4-^1 I hUj iSjLujy I ^1* .^h ^ jli 1 ntl 
j-q-^Lj ((jlSJLI) ^Ij-jiJl 4_Liij (^! JU£. E (JL^I 

Cjj^ <**1^(j^LSJ L5.4.L3 4 ) 4 w CjL»l^_i4ilj (^ ^y ^ q e l H) 

fi 

^jL^ ^fJLj^l LoL^u M-jL^ ^UJI JL:^1 

CjLbe^ i ttl ^ ^ L^ IjlAJ » ^ I njU»l ia t .^1 

it V If* djLuVI 4_dilie^j jl 1.^5II 4 ^LuiILo ^ ^ . ..jUl '.i a 

(1>^J (j^L^ iJjLoj (jj-)L^ 1 fl iU> ^ i u j^l (411 JL^m I iij 

4_ aJJb -4jij. d ’.**■ .^. tl a J ... jU>l 1^_I1 4.i-e_lU) (J^^LJ>.L 


a ■~i i ,U>i < 




Cjllrtt—iiJ ^ ^ j ^ '*-^1 JjLiw^l V L^-^1 _A ^^_£LjJL} 

iljjkjir^ Lo^ i4jlajl^JI (jL£^ (^1 4jiujL>l (t^ 

^jL>.VI t >11-> aVI ^JLA (Jii-A 4_^l^^l I^\ ttjjJj 4^lSLal tjt <^I) 3^^_143 Ljl^ 

•u^' magnetic monopoles a^...^ui:;ti 

aj I ai a 11 >..^U>i ^*11^ a iCi ,»ti <^-±^ ^^11 ^Uoj «lj 3 

a .^.t I (jjo (J^ (^1 tjjL-tfall j ji" < " LoJlLc, 2>j j al l 1^ -» a^La ^Ub] 

JU^Ij JL^I (J^ t iLIjL^ j-j-i-jj jljjlLc. ^ 



^ j a~U ^]^SL! .(jlSLll LgJbj-jJU (Jj-a J-^ i^ * njULum 

JL^JLI ^<1^ t uj i,^^jj_uj-^Ld *JjVji-a c "*" ^ Lc-^ 

(Jl ^U tjJjJLLj uL) J- ‘ |>L ^ < yVl ^ I -LA - ^ ^ ^ ' 

oj-^ IjL^j .(_^j. 4£[J1 JL:^!' LaL^I (>«jJi j-jJl 1L1 ^_ j i njU Lljm 
(Jl y ,V TT^ La jJLjae^ ^ j a" ! 1 ^Ilj aj <*‘4j '»> t La. a 

S^j a~ A cjL^Lii^ jl ^ >'•*■ ^L^'wLili lIjIjI^I^ i^^L! .^jLVI 

j_yJl til lull I j_^ J I U xn tjl ^1j—oJI Ajjj Jfc-A 4 aXi/a ^ 

Ld . ^j i 4_c,^ ..Ai i 4-^^^^rrrLja i^^^L>-^ ^ ^ ^ LJkJI 

4-i.Li.L^I 4_dLJu^l^ (_p-A , I .1 ... jU>i /• t ^1 

4.J I ^ \ A C. V1 .‘~‘ *~^ > ^ - ■■ jL. I i a Aj^ I t U jL.T I 1 e. 1^ 

^^laJ 4.^4^JajLJl CjijLuaJu^l Jl>>! t—dLuu^VI IjLik i~.i.A.A..aj <.7^^ 

• lajj I ^ 


Cy^“ j\>^^ ^ Ci ill jJ 4 _u 3L^JI 4_^t I u ijt 4 jjJ^ ^ I ^j-A jJi (_7ic- 

*lj*.‘ .‘ "'^ ijLJbj ^LI ... It Laj^Lm fj-SLcli j- j ^ i^jji 4jl V] tt-^l “^Tl Ijl^ 
^jlSJLl L>1^ oL^jwj L>^ I nail tjj-iJl Ij5t IA L^l ^jl La^Ij? 

LaLq^ Ciy aJuI JL>- La-^^Lj tA^j" aj ^JJ '"^.* 

^ijjJ jJ^ .CjI aj hi 4a^^-^l 3 >j.-jSJI ^aSJI cL^J^ ^a 

# 

^La£. ■ ..VC tl d IA.1 TI» 4jl^a£. 4a^l-LJl 4.j-uuijJI 

' -J .'"'** ~ CjI^Jla^I — L^jV t La Jl^ 

4 aK‘ 4 f(Jl:>> ^1 (_7-l^ J /i^nli LlA ai^i'i 11 lCI j i<(4^Jl>J 1 ^Lj^^t)) 

.^0^1 l^jjlSLl ^_^.aIuJLI ^ ‘*~ LJ 4_i-i_uiiL 



bSjl^SJI^jSjUloA 


^L-l-i-uI JJi—%- i i,IaL ^ ‘ ~ t rt I ^ l LJ*^ '3 I -1 I / \ ^ 

ScQLx^ jI iLa 


4 1 i tJ 1 !Lj ■ '1*^ 


4_ptjLDi^l tljljL^j (j,^JLjfel MiU t-_sL_i-3jVl i^u >T I 

jl Jl^ 1 ^ j t j ij frl ntl 4 Inn 1 ^ ju, I TT ~il ^ 5 Ah ^ A 

Cartesian 4i)-^jliJl czjL^Ij^^I ^JLil' iSh-^ cr^ :4^1jLj>.j 

L^ tj^SLj ^ • z j y j X 4U n;TI oL^I jlo. 1 system 

oL^I jlj>.^ 0 4_La^ jL_i_j_>-l L^jlLc. VI (JL^Jl 4 • j ‘^j ^ f* ^ 

4-j M ^i cIjIjLjILwVI .4_^tjL^VI j^L>iXl Jlj j 

t**'! AI ^_il J ^ (_/* I —A i <jn I 'V 1 ('i i_ t i ^1 i • j] * 

1^1 daV"!^ Ji A^IjlJvI L»^4 ^Lu.^iJj <^^-i-u 1 4 ^^Lloj J^L>iJi, " d a\'',^ a 

• 4ajjuo ^ t->5 * 

4.ln.-T:.lT jJlC."il jf IjlA jLjfc.^ V 

. Lli t II ‘1 ^Li£^Li-u i ^^ 1 1^ ij^yLl 4 1 i u i JIj L4^Jl>- 1 ciJ^ “r "j V 1 i a 1 .^.t t 
Cj^ ■ ■■'^n jL^ I ^jji 4.jtj-Ll c?"^ C)^ ^ J ^ ■'v^ a rtrt" .. .. 

4_^j_jJo^^ d J ^ t" **1 I 4-BLi.u.lLfl 

jji >JLl tfL_:^i (^^Sc. ji 4 Jju^Vl 4 Inn t —a " •“ V 

i^c^.L.u:v diSLj-^M 4 y~ A j1 JLn_4 Liii 4 I mi ) < u 11 t ^gB m . 4_ljI Jl^VI 

. ^ T d “ A t ^ I * 5^^_nJ 1 4 -•>■ ~ A ^\ (^^ i.." T1 ^ 4_L3 c_*J 1 4_gt-^_d ^ I t ^ ^ ^ ( 
I ^ \ • L,\ ^ jJI d L^JVI I I ^ 1 i-li A1 I jj^ 11 L-flj) ! II i ^1 4 • I I Lt 1 
tjl gi 7^"V1 lLUJlJ 1 ^ "i l Jlj^L-><j i^ljJl lIjI g '» "ill a ,\ A (Jj_^ 

( U Cq 4x.^—u« 4 "i a O ^ I 1 1JL^ Ct^ ^ * t W", i 

4_ni2ibjo 4 1 .zillLi ^jjJulLJuJLI Jl>>V 4-li.ii.UL] t U i U 


-UlJJLi LIijLj (JJ^,^L 


4^ U-)L-ft 


jjii Jx-dL^ * u ^. u'y. uy 
. ^ 'v ^ C^Ij 4x.^^.xiJj 'jih V d a O^ 4_AL*Iu-a-U 







ilL>. j-pjLJ I 4, K ic Ldj^-tijj 4^i<t At ^■.‘ *^13 

LILlS ^ i Jl_i_uJ LiJ (jJU lLUj 1 jl a ^ * (jl La . 4 ^ n .i*i 4^^^ 

j> ■J' 

i 3 ^ ^"n tjl (j^* J^! t(J-uta-oJI Ijufc (_^ ^J^ 

ctxj Ju^>iJI ^ t ^ (4_^L^^Jt 4—cu_dL j-^U ^ ■ ■ >■ «H * 

<Ll^ 4jlSTr I T1 oLal t III,I 11^ n 4 , i ^ a i ny. (jt 

Ljio^J jjJJLI j-ib ljub « 4 i\c cjI .ft j i h ^ti 

ij^\ U_Sj .instantaneous action - at - a - ditance jlj^j ^ 

C.J! ^jLM 1 kJ^b ' ^ I I H I L*% 1 1 • ^ d I i II I H 4 

. l^J,.4 i j'X) ... LLISLI^ (4j>iL>JI jJ^ (jr^ ^ j/• Aj^ 

f 

< U I .ij^,."L-d ^ I IL L-^Ij UJ^ jLL-u] jLLaL Ijul 

^j) -T <11 (j^ 4 a JJLC 4j 4 -j..m±1!Lj cil^ >"j jHaj (^1 i JuuJI 

4jbj_J O^j" 4A<<t 1^1^ 4 (^1 'TT) t^j^SLll 

4j 1 j (j^LoJl f^_ya .V*>, X'iCJ jLlaVl IjJb ^-u'a-1^ OJ-'^ 

^do] ^1 ^jjLdJI ^^dua 1 j] - ^ 4J^^ ^ 

4^lj 4_c.j_i_uj 4_^j_3t_lil ^Vi cljljLLa^l (J^ ^ <^j 4j^ t JUUI ^Jj ■ ' ■■ 

4JjL^ 4_^LlIo^Li (uiUjLl 4 _l-4.uJJL) 

tjJj, "i < m 11 (j_a:>Jl :(_^LaJl j)-:&itl i-iUj ^J^iUl . 4^j ntl jJaVI 

^ Stl Lo^^Llal jjiaJbO \Sj TT- "t a \ ^ j HI 'K ^jl_^l^ J^JlaI 1 u a (jLj 

i^jji ‘ pJ' ■■'*■ 4AabJLll ....*< ^ 

jjii‘>ill t-dJIi .4_x.j—tiJl (_yJI j «1ij ^ juJl 1 'wl 

La gj j iti^ is'^3 «>1 > ctV ^-^LuJLI ^U 4 I u g 1 LiJ^~i Mil I 

j 

5jill I u ^ Cy^3 j ^Li_uJLl 03^ L-fljjji 




^jlsSJI^lSjUlOO 


ifuU j a ~j ilIUj ^ 5 ■ ■■ '^* (j^Jt 

«: 

^^JLJ3^J^ jLLsI 1 j| (I jl^ . ^ 4Ji£L1I 

t JL>>^J^ jLLsVI cLUtC-jL^ ^j‘ ^ ciJ^^J. 1^1 ^j_il.>iJl (j^ Lo 

4_^1jl^ 1 (JjLdl <Lij^S[li] ji "i xll jl J "< i^jU 4 jL^j (^f (jy^ 

Llib ^^La IjlA L>^ ^L^lj 

j-j Xi J ^ j .'" * * L^j.^ 4-^Li]| 4_Ju_dmi 

J^Ls ^ I.^tll t Lfl_AjL>.l (JjLsnjVI (J-u^ (_jJ 1 <LijljL>.Vl Lfl-Aj^LstjS 

tfL^oVl 0.5^ ^ L7^ 'Sj^ 1 4 ^ 5], V 4_Cj—4jJl .X 

,-v 4_jbijLj X ji^yi (_y3 l- 4^ X jj**- <tii c_i^jii 

' jl" 1 V 11 • X L^Luiil C 7 ^ jl jl2JLI (j-uAj L^ i^I 

lilUiiVi >• 4j UiI ii h La ilJb J-s^ J XiVi^ . t = 0 JLLc. ^L^Uajj J-a^Vl 

^ n ^ cLL.jLAt 4^1£L4 j ^jL>J CjL^IjLjxVI <-Lj^ (. 7^1 oL^I^LjlJI 

:(2.1) JSLi * Albert Hendrik .iLjjuao'^^' 


x" = X - V t. 


y =y^ 


z = z, 


i'=t 


( 2 . 6 ) 


^^L:%_i_uJ ^[jJJlAI mi U (jLj ^ ^ ((4 -TT ^ ^ J ^ ^» Liilj I iA J-^ 

tX = X + V t (jt Jl^ CjV^Ljl 1,1 tfJLA (juiSuuj .^jL^ 4 _j_ui1ILj 
jjl L^I ■yj La (jyl^- ‘V DjLtfoj (J_uSLju tf^Lc-l 4 -%-lI3jJL1 ^jLlI,! 

9 

IjL^ (Jt (_^ j-j-i-^ V (jjjL^ ^jl ^jlIdIjJI • 4_aIjlj (Jl '>ill 4_J-£. 

,(j\^l5LajJI (^JAJ ,..iU Jj^_5tl!l 

O' 

A <1 11 . l^^-scUja 1 'J* ^ i . ..-w, (2^Li^l^^ ^<tio (^Jui^l^l (jl 

(jl (2.6) ^J>L_*I1 (j^ jUj . X jLtVI U ^ iX jl-t^l (_^ lLv^MJ 1 n ^ 

tcjVjLiJLL \ 111^ (jjjLt^l \S^ Lx^ ^i.n'^ \j ‘ ci^L^^I 

(2.7) 


U =U -V, 
X X 


u = u , 
y y 


u = u 

z z 






‘ *'jj- ^I 'v^ ^ • ■ ■ “** ^Sj-^ 4JL^ ^Lo1iJL>I (jjjLtaj 1 ^ 

- - '2 3 .X j>JKli va-cj_4^tj;y3-^ y, ZyXyoVijUaVly^) 

.X j3^hll J^^Id (.7^ jl ‘“■fcJt (X , y , Z jLIa^l tlljj.\*idv 


id 1JLX l-Lv-^ ^ ^ tf^^jLsJlj ti.I:\.j^(.<fci IjUl) 

* ^ Jl 

*j L.4_J_d 4Jj__uil (jVl jL-Ijj) . 11>*> ^ <LI£L!j tA _ 

CjVjI t <0 (^1 lA i 111 J l^lljLaj^ ^^11 A 0^1 '>ill oVjLjlLL^ . a j ... jUl i • A^ 

^'•'i «^"t i a jCj . ..MC ti a J . i ■■ i !l ‘"*N^ "*• 4J1 jIj «"- - -» 'l1^ »a 

(Jjjtjj L^Jj ,aj^^c-a 4l^ < III (jjJ) ^lo^cj V 4_jlli JL^ Ijjbj . (2.6) iJjUil 
oV^La-d ^1 VJ t(2.6) ^jLtJLi ^'Lx-d ^La^l_^ t^L^ljL>-t 

J^l ^! L^JJ-L^ V 1-4JJ Jj^-i-O^La 

^g^ -^Jll J^l 4 i milia jLUVl 

; . ^ ..=1 

• 4jj|j)i^4 j-Lal 4 di‘‘i-> a VK < ut 1, V ->“1 a ^aU^t ^^dLL^JJ 

(JSLuJi (j-o^ j2p3-d-* L)' ^ ■■! . .iS/1 ljub Ct^ ^ I >1 clh^J 

-V, f t ajjJJll ,^j_aJi i-1j^L>. t4^j) 1 ^ all j-loVi a (_^ 

Lo-i '^^ a ufilLi • A ljub lju •aAIj 

i,3^J L^<^Lja 1> "J jLa^-^l jL_uj .j-Ju^ (jljj *t-ki * 





1 ^ ^ I... li^i(jiil^^L^I ^_J^'j^ ^'i.^4-1 iether ^^.j_)Vl ^^‘“ 

^ ^ ' t' CjI^^LLII ^ ‘ ^ ' i^_^Lj-2J1 j_^^j-i_i_u i*ii A djLd 

(.iUj ^ ‘ ■ ' -j La iJia^V ^ t^)jejfcj ^Vl 4 j ^ > l^ 

j-:?e_>Jl j^j£. ^^jiiLlJl 1 ilj^Ux^Vl i^jja cj^^-oIL 3 j-jjLl^ t < i*i -w 4 alr^d! 

1, V*v A_g ‘Sjjl_^JLl (ilj_:v| cIjLJ^^ ^ t-^^L'ti cUI jJ^ .^Ul (J^lj 

Jl>»^ Lftjj .plXI CjL>-j-1, 3^ j < 4 In t^Vi j t.“i'( n ^ijj 

J* La jlj^ Lr^ 4 j ■..j L> 1 <• \t 4 I MiitL 4 i ii4 1 jJ-xjl 

j-^^LI j-.“. l-xl l t 3 .^Xll Ijl£. (^LLI cjL^jJL 4 i iJiiTL tLi<1 

j 3 *>■ jJj^_i_ii^La cIjVjLjl4 IjlA I jl Ti < »lj 

C ^ ‘ ' ' 11*. 54 ^LldVI ljub I 34 

4X.J-4-U jljLS_>a (jLj ciJ^’iMiiU i ifrLLl ^L>- .0'i?jL*JLl lLLL \ ^ 14 ^53 


L^Jl-la^ lLUj c.jll.jfcj t»3^-Lu liJj—AiJLa JLjl4>Ij Libljj Lo.^ ^LLI 4^^^ 

4 ■ ■■ (jii_)L£[ 11)1 ijL-iXi |3 * ^‘ ' “ ‘Ls ^ 4_4_diJJiLj a 1 <^i 4 

iV L^j-5tj_4 JlaLHI O^J (jr^ ^j^L-uJl (j-jUI jLLayi CjLw^I 

C ~ V (jyJb JLaI i»ll jLLsJ 4 _^jJL 1 4_:^jil 4_c^^-i-u o' ^3^ ui-^ 
C^ + i^L^Vl (J-oAj ^JJ^ -Trig J^LLIl IjJ 

II)i ciUj Lo^ 03^3 iCaLcj (^;-u^Lar«,4 U^J tt " 4 LL^ Iji V 


llUjl^ 4^x.5~i (^jl^cjj .4j^“j‘■ “(yu cdLlik ojI^ 

“ (jl c-i-aj 4_j-uaJl 4£,^^^j_ij (jl c-^^1 c!r<j tj^^\ ^j^Lul (_yl^ 

4 n^jJLt jlaI ui tl 4^^^_>> LT^ 


A. A. (j_^_ui]£LL^ .1.1 J^IjuJI (ju<l ^2 4 cjI—^jI j 4 j ■ “< «5 

UAV 5j^ E. W. Merely (_^j>4 .j 4 j Michelson 


Lo-^Lulj^I (jt^3 .^_^L4_>J1 cilL 3 iJLlij.iJLI l-)jLj^lI 1 ya 1 4 < u'v^ 3^ ^ i*ii 


CjOj hJj-^VLj j ^ 4_*3jJJL 1 olj-^Llll jl 





^L^j 3 Jl.l^I^ 1 ^L>> JLaTLtj V 14^^^ Lljlii '•j ^LC.j^jai 

(-I^LljJI Ijl^ ^j . ..^.Ul i« ^LuJ.1 ^JJb LiLa l^^LsG (jJjLlI ^J_La 

^Jl_iJ 1 d i^i ^ 11 ^ I I ■ ■« I 4j^ Ir^J 4 j\c. ^ui 111 ^JlII ^ ‘ “^ ‘ .iVI It ■ t I *~i . .. A 

— ^j.<.iiiKjLtt CjI^LloTi^I ^1^1 (jy3 (J_?^ o^ 

l jU jlnV" 1 1 A • (.-.j lLUIs ^ I ^ .li ■ >■ 1 4j^JaJJJ ^ ^ T 

. WlJ I ^ lLIIj LtJ^^AAl 

ti3jL:tjj jjiajVl (jVj i^jjlaJi |ajjaE-tJJ 4 mirllj iJL>. OjI^ LI 

a • a 30 «L£.j_iuij^ (jji-a-*^i 

(2,^) ■“■ jj * .|^Ljl]I (J^L^ o^j n a oiln>J ttLillLuLt Lxjj ^ * ■ ■■<U t 

- ^ ^ • ■■■<'! 4_^j.^J1 aJJt jLjuL>>^ til a a " O.Q ' ^ 

(^ii^t,ul4 (A 4a^xxAjL>a < a4.n 1 Slj^., vl^ . i . ^i . l j.. l -t ^ JLI All ^lla h 

4^1j djji A 3ljJlL IjLo ^1 jj.iiXai„a ^ B 3lj-ll 4 Jl4 

A l^-SLmJI jjJu^Vl ^1 t j»ll ^j-0 ti-^j*v ) ti i“ll ^_jJI Jjua_J 

4^1 fill! - ‘ j .. \ I tl ^ 1 i ^ i A % 1 1 ^ C] 3?^ I jv^LuujI 

V 4_cj_iJij LiJj-^tjj jL^.j^l 1 jj. C ^1 A 4 -^L-uJLI (^jL(-iij B a ijji 
jj) iri"i jja 4jLfl — ^L:^VI i^\ ~C (_yJl A (j-a j-^^U d i_.^ill t 

:A - C - A LjLyi^ *-jLAjJI 4l>-jJ ^_pJLl 0,5^ 

L . L _ 2L/C 


H C - V 


+ 


C + V J _ y2/^2 

^ 1 i~ r-11 ( A ~ B ~ A GL)^ LiLi^j ^j^aAJl ^ I ■ ^<U *j 

^ (jjlcl (j4! U>^ 4JjLa 4^1^ a tli ^JoLlil^ jL^Vl 1 ^lill 4^j^ jjl 

Ijjl ^Lse^l 4J^^^_i_aJ 

2L/C 


r = 




1 - v^ / c^ 


( 2 . 8 ) 



lSjIjUI SjUl 


(a) (b) 



Ltfolc 1 iu<aj (a)cri»fia :>%ZJ I 1 . i tt VS-ii)!** ^2.2^ 

.^^Vl ^ji^l (b) i^-uijJI iZULuillb UjL) iJjSJ 


~ ^^ ^ ‘ ‘ « 4J^L t II j^_^jfhl\ dfcjL^ i jj 

CjL:kj_« ^_}i.lJL^J ^ tji-jj!v"i lu ty O I iiljJlj t|^ 4_j_i^Vl jja^l 

OjL^ Ljq !j] L^l A d ^!ot :^1Jj ^i^ljLJ 3jLjLaJI rj 

4.J>»ljj LljjL->tJ^ . .. * t V (jj-is * Ij-i-UD '■■" V 

cijL>.!jVI aljt Jla <-.rt (ji * 1 jjl^ . interference pattern Ji.1 joJI 

# 

^1 ^ La^ M bjL^ LJ^^'J ‘ 'Qf ^^I 

t^LLo ^L>. S. i a"< «-a 4lijLj LajI J 

L^ ^ Cy^3 Kt(^i^U» 1 ^ ta j-^ 

1 JLA ^ ^ ^3 ^ 4-j_uijJLi 1 ^1 ^J 3"^:^ ^ 4 u uLti*t 

.dJuAjJl jajjsuJl (jL^ dJL^JJLl ^cJiJLit-a 






G. F. FitzGerald H. A. Lorentz 

1 jl “ (jj)fiiKjL^ 4j| ttV'^V jLdi 

i^-iLa ^ < u (^1 ^j-:fc_lJl jl 5^j 15 •Ug ^jl ‘>^1 

l^Lgj Jw V - J fc.g jJl-^ LajLjljI LJuLg^l ^^Laj 
Lg^ JlII 4 5j g'%. LjI^ Jl^ 

(j^ (lA^ i^jIiLgSLi^L! 4_%.j_%j^j1 4-g^irf^ti .t^l ii~ ...I 

^Lc U* . ..Ij .^jI)Lg5i[ }')l\ IJ^ w**^-L} {jujL-iiVl LqJl^ 1 LgLg^ 

j-^-^ iJjj-i-u^L^ cZj^jLjLja ^1 i g. i ig. ^ ^ L^Jl^ JL^-^ ^ ^ * 1 

^jL-sJll (J^b^ (J^^ 4 j j r Cj^tjj_>ij 4_c,j 4 *» g (J—la cr~^ '^J J * “ ^ 

•LfT^i ‘(2.6) 

x"=r(x-vt), y"=y, z"= z, t"= r(t-vx/c^), 


'v= 


\l\-V^/c^ 

I jl .4_^^^_i^ <LjjIj jJijj_^ a a OjL^ JL>JI ljub ^1 

f # 

4_ui_^ (J*v i~itl yl t 4 4 j i.. j Itl /• ^jCll CjVjL.A_a 

.a «j iU^TI (^,8) cIjVjLjlIIj all ^tl 

a 03^ O^ t-<^j ^I^LqU ^^JJ?‘u|^ 


^Jb 4a_L.uijJl <ui4i-Lo ^1 4 j 1^ ^g-^l 

. 4 ij t a 4 Ui^J Ju^ tlrA-i-^ cLiJ-stj (^jJl tCVent «^jL>.)> 

CjI^Ij^I iyuj LjS ^]/U LjiAla <_laj^ ^J)U a jLLujJ jl-^l J-ualj 

^jljJJl ^ jLLl^I jL-i-dl^lj ^jl^l 

(j-u^j t^jL>Jl ^*X-^ a rth -^t 1 cjL^Ijl^VI 

^j—ioljJI LLcL^ tjixjL^ Ijj Lai a jl ^‘-'a. U BLcjl^ udJIa 



5j^l 


' jjl LijLb t3jLAj». ^Lsfej L^Lqj 

CjVjLjlII ^ j '‘^ ^ ‘ *" t-tM tl Lul ^ S j S '■fc.TIj . (J^j 

(j 1 % "j I 4 ^ 4J_^^ (Jj^ 5^ j 1 ^ 4 1^1 Ai I t ^JraJLlI <~i fllj La ^1 (jj^ - (2.6) 

j t tji_LajJl (2?^ I—^j-c ti', ^ .>^“*1 La ^Jb <Li^L>Jl (2.8) 

. 4_xj-iaij •^L_i_u1 >^jLlo| ^ l- 3^ “«'»■' 1^1 ( t 

tl>^ o^ ^ ^ ^ (Irv 4_L^JI .>>ji 

_ 

ij-A ^j.4 *—^ ^ r j^LlI! 'LjI ‘ 

^ j j < n iTi CjL^^—L uJl L)l lO~^ <LiSLJ t4—3^i_j_>J I L^j-C. La 
4-JL^ .^j —“‘I ^jL^ IjL^ "oj^ju^ cJJ^ ^ 3jLc t^ ^ ^J^LOj 

cliVjLaJLi ijtj_;t_-uaJI JL^I^I T ^IjJl V « C 

.4^jlJ1j (_^jl>J 1 ^ 4 4'^<uitl (2,6) cjVjL*1I 11j_;-5j (2.8) 

i^JlI LajJ^ l1i^iAj^_%Iu tiLi^alJih. 4_^LuJl 4 i^i ^LUI 

^ j fc^vi'"»t->^t j)i >ij^i <1 hi ^"i .fl 5_ j- *ii. 1 ->■ is y^. j 

^ S' jLId)/! .t = t'= 0 jOiz. (X = x'= 0) 

5^-L.t 11 .S (^1 ^ . ■ ■■ itL V "I X jj ^ JYU t_A:>.^gJi,l 

4_^t_jJ3^l cIjL^^L^I ^^^Jb 4-iLi^Vl ^Cil ^Vjlj 1_^1j^_>iJ JLakj CjLxx^I 

ii_u£Lj Iji ((^jLlil 1 a"i V "V J^i^L tLaLo-i ^^Lc.1 

LLA ^_jUi 11 jmi ^j£. Jij3 La i I'y nt'tj^ * 6 ' “J 4^1^ ^ I ~I -itJ jj' 

.4^lj^VI jjL>*J.lj 5 ^j 4 -a CjLaL^V jJj^JtaJl Cj*^.^Ll4 

I jLu-uil 4 _j^L>J 1 ^ ‘ <... Ml 4.j ^U>_> ) *\ ' 0 4 _i_l5cjlJI 4j-L^ '*"' * ^ ^ ■■ * '■ I 

L)l u-fJfc-i 4_j.j_uLl^V1 4^L^,^-4J1 4jl^_lLJI 3-^ ( 0 * LA-a-i-ulj ^ ^ ^ 

ji 

(2) j^-o^-oJl oljj 1^ jLIpujVI 4 4_!lji_j tj3^ 

^ • 

4^j) ail g 4Julj L)3^ (j^ *. 'TJ ^ J "‘^ ' “* 4 j g ^ fj dic.j.^ 






I Jutj . d i ...Mil 4 j I III fjl 1^1 j^loJJl *j 

(j^Lil (jlJ 1*^1_ tr\ "(Tl LiJl 1 *i Mi^l j j -^Vl fjL^I 

CJ^1j^_>iJ j3 _1 VI '* 

4_^»L.^ ^^^L_d_!l IjlA ^ ~ ^ 11-^ t <1 iul 1^. I iiZj^^L_LJi_L!l 

ji 

jli^VI 4_x_I -y jJ^ ... O A Cj^jI t a O* 

oMj^->iJ ^Jib CjL^I JjLju (jl ^"iiliijl tJjl M a ^-j_L^lj - .^5!l 

^j-caIj . L^ jJ a ^ ... j \'/ • Aj^ \ 1 j^Lsc-Tu L)jLk IJlj-4 ^^-jjj^ 

CjIj^J^ ^lL\ j id^ ct^ Jlj.2^j t ^Lc.1^ IJl^I \jJb 

i^j_u 4 t ^1 MiiiU Ij ill ljub L^-i> ( 4 -l^ L^ '^.'J * ^ J 

> JULJ I <ij4 LluLjSLLo ^j-4 j* ' “ ^-4^ 

Ls ^jL>J (jlSLa^l ujIJ1Jl>.J (J\j (2.8) ^jljua >la^ 

<Uuridlj^l ^^Lftlll ^JL4b }"j .<111^4 (l>dj^l C7^ l^l.*y.<tij 

tM 1 « ^ 4 ■ i"< l <* 1 . ■■ li^ ^i• «< d'^td^ 1"t \ t I ^ 1^ 

jl-^l 1—iJajI 4 ai J I IrtJ I CjL^^ieu 4i:^lj CjIjL^.^ 

djl^^LaJI ^j£<) Mi^La CjV.il » A CjL^ t '^j V j d ■ ...Ml ij 

(jij (Jj<^ cjL^M— c. Liiaj!» «^j ^-^ij ttUd4 L^L^ ^jj^^jill 4.^l^LfijJI 

.(^nl'i V A {j^j) ^jj;LlDj ^ tj£) j)l^* U t_j inj ULIaIIj j^L^l 

CjLjJu d JL_B [la^ l_4 1 f intft, \ J V! J. fj ^j^LL^Vl -> A 

^ ''*• ■^- lLILu^ t(Jlim L7^ ^ J...J U1'.> 11 CjVjIjl^ 

^’*• ^ ^ t ^ jLUVl 4j^Lu L^lj i3jj.Aja 

f 

L^l J i^'J (Jl y-A iS.3~^ ^ (jLIaVI dlj 

4Jjfc (filil ^ jUo^^ 4 i<uillj CJ^.^ZLlt ^ jLLsVI ^j-4 ^jjselui 

(Jj^ju^La cjVjLaJL liUjj VL^^jq >-^3^ 1 4'“i4 ^ J'.. jUl A VLj^ jJjj 

* X J S (j^jUaVl (>s (_y4 (jr^' 






^ j • ajj. CjVjLa^ 

(_yJ^>4£Lll JLj^I ^>a X 4_i£[j-*l] Ej I tX jLLaVl (_y3 .(_3JLlii 

*^jU»l «* ti ^Lse-^JJ fJiilLj E j j L-kj^ .^X ^L^>ol 4 _l£jJLI 

10 ^j-0 X jj_>jLi t^j^juai-jLoii ^jij—4jj bT j eT 

41jL. 4JL1 j <1^11 j_j-u!u^ cLL>j_Jj ^ 4 “i a i^jjC, SjL i_gL 

CjVjLiJLI 4 -» ila^l «L^ljL^^i •* ."Jl (^jlj_^Lj * X 

E 11 = , Ejj , B 11 = Bji 


eT = r ( ET +-^ X B), Bt = r( Bt - -^ X E) 

c* ^ 

juJuuj 4^lSLa^l jJuj^ t lojb (Jj'^ < tn JLaj i(j a I JuiJLJ 

, 4 imA.lII L^LLulajj L^,« i 


J^I^UdUit 

X jLIj-uVI jLlaJ ^j£^L_u (■ < j < ^4 (J^*^ ^j- 

. X = 3. + D^ Jl 1£. L-fl^^IaJl^ X = 3 Ju£. 4_j_flj-La JLj>.Lj X jj-^m (J^^ 

JJ^_3u ^1 L j^y \(> ^'-^y 

^ '* * LjQ Ijub^ * jUdVI LiU^ t 4id.%iJ1 i.ji < -11^ t 1 i 1.^^ zi T 1 

*u' (j-a t4jj^ 1 mj (^j-J V V 1 f£". . lLI^T r~<a ^ i ii^ 

D^= \/l-vV D^ (2.10) 

^LioVI ^^^ jLj>>I jlj^I^J 4 ■ ■ ■■ iU < 

^_jjyjLll j^^5t-a 5 aI ^“i. ..t Jj-^ 1 1 ^*C;.fl 

jLlsVl 4 _iJL»* 4_4_yLAJflj jjh (JjlaJl 1 jla (ji D^ r ^l^a 





m ■ -^t L-fl^^,^>Jl ^-US^ ^ ' J < i Lj^Lu 4_^ ^faU ■'>«! I L^j^t 

|jk£L^j - j .j i<n ^ . ■.. iti 1 1 * '■*-*1 jUoVl ' n^ (J^gJntl 

J ^L-^1 d ^1 LM.J>‘^\ 1 .^.i Ji_L^ ij 

L^J^J t4_^ljLJ jl ^ J . .. 1 "W 3jL_£j_d J ^ dJL^ 

.contraction (^U£L:i 


hV 

. jLLujJ jLlesJ (J-i*l^ (j^ t a ^^3 CT^ ^ fj-*" ^ j-^.JLc.1 

L 4 .A ^ n ^ i* 1**. A ^ Lla JI ^ Lj L^ Jlaj 

^jt 4jj) ^ < in j^j In" mj . 4 J 4 I III i!Lj 4^\ I titl jLLaj 

• ^jLtJLLj ^LLxpjiJ (jAlidiaJI (jCiaJ.4^1 (ji 4jaea.o 

T 


T = 


\l I-v^/c- 


( 2 . 11 ) 


4.1^Luj f^jji LI^jI JJJ^ ‘^“ t' jL^Vi 4 _^Ll^I ^1 JuL^Ij 
4-ja 1^ ^ r IV rt" tj (_^jVl Lr^ J-t-oljJl ^jl j Ijubj .4 _i-.dLSJ1 

VS"•-* t^JjJLLij . ^ L^jI .>^ ^ ^ ^ 4.ij^_i_u 

(_p3jVI 4_4ljj j. ^ C. ^jl ^Lua_aJl 4 '(jrt 1 » J-i-aljJl 

(ji^LijJI)) ^ 4 - 1 -ul 3jjbLI^I aJJb j . 1 U it j) ir ' 

LiJJj .4>i V a 1 Lua-sLij (j.u^ Ijla • twln paradox «^l^.iiJ 

t4Julj ^ ‘ “ * ^ J < ... Ml 4^j.^Jl 4.1^ L^ 1 jj 

ajja Ljl^ i j ViTl A IjLc. ^ 1 g A^V'^t \3~ m a ^j'j ‘j ^LqI^oJIj 

Ll^lj L4JhJL^I i4.^^1 JL-LcL^O ^ 3^^.^-d jLJLJ 

^Uol ^ j ^ ^ '"'J 3^^ibUi^1 ^ju^ d^'* • ^.c-^t_i_u_iJLl 4.^^ TT-U 





^.>> ^ j ■ ■ ■■ ^j-LI (J-^^ 5^j) i^ ^ cLj^x^lIILj jLIu] 

4^1jjl jLc. ^jU 4_^ljt]l 4 j i 4 M f 11 Joljt-lll 4.4-<o^'L>. 

fi ^ 

^jjL^ if ^^ > lo 1^ LjI I fau I iju ^jiil ^Li.iU_i>LI 

. Leo (jLot^^l 

4 i 4 u j I Lj (j^j-^^ (JUJL-Oj) 0*laj 

t~*t ‘ “ t '*1^ .“tl ^ I ...'w (j^lxLajj ^ (4 _^Ijl11 4^LL3JI 

(Zj^^_ c^—a _A 4__^^^£[JI 4_a_-Z-Jl A ^j ... 1 JLj>- 4_ij^_d 

.particle accelerators cjL4ulx^1 

pion (Jjbo z. A 1 i jum 1 iM 'j 
4 inillLj 4jeu3|^^IL4 ^JJt j-^xaj .oJ^ (jj_pSL!j (j_^^ 14 

ijji ^Lo ^LLa.lj aix^ J.>-^ l-jQ-flij JL^jj C1 jL.4^.,*iu.;^I CjM-^&juo 

1jL>> IjLje 4 jj_^ 4ilj_ui 0,5^ ^LI^l aJJt> JuiL • 

muon I^LUj (Jlsc_i-i-d ,j."i ...A j_AC l L»j 4.tLjv ^‘ u 4^j^^ 

j..tt d^Lldj 111 1 4-uj_j.jLj ^ jJI i-t^ ‘''j ~ ^ ‘ * * neutrino 

-8 

jlj—j—Jl (jl—B t(j-ojJJ JljJloj lL11J_A (^^SL |oJ IjJj .4 __^Ij 2,6 X 10 J—^ 

4^Loj L^jJL^ 4a 1 .ui3 ■ U , “j" 11 jl" ^ Liu^,^ 4_g.j^ ... I t^"1,1 

800 ^LuiXl l,illj ‘^~ ^j-ojjl . ]U. ILAJ t 4^1 < ti IJ . JlTr"n ^1 LjJ^^-^ 

.__^_uaL>Jl 4jtjL(!uj ^jJLo Cxjc-i-u^I aJJb (JlLa 


jL^j ^4^1^ 4_Lol^^juo jJuj cLiljk^Vl j^jA jj-lj 

‘ ' Luajl ^ ^JlA , 4 J 4-l-4.ujJL) A jUo] LuT ^jj Lo 

Lo.^ — (JLilII 1 1 n .4 -l^L^^JI ^ ^ 3jl>.Ij 





X — “ julc. 2 t — 0 t X — 0 jJlc. Jijjljo 1 SjjLjJI (jl jUoVl f^yj^ 

'fcill IjL^J (J-tiAj Ju^ i h A IJj^ ^LjL^jJLI . t = O.D 

t I = 0 rth-^ 4 t^r'—Laj A if X jL-la^l jl i 

. tjAjjjL>Jl ^jl t 2 ~ ^ Dv/c j 


U 4ij7e^i.a pj * (jIjL-l^^ ^^^jJjLLsVI Jjl 

:^>1jV:^Ij.I^ jUoVl u" J I jLi^yt 

dx"= r (dx - vdt) , dt'= r ( dt - vdx/c^) 


••ijf J^ejj 


dx" 

dt" “^x'" 


u^-v 


1 -vu / c^ 

X 


u 


1 u 

=J_ 1 


1 


u. 


^ ^ 1 - vu / c^ ^ 1 - vu / c^ 


:J!ULj 


( 2 . 12 ) 


X ■ X 

A t ‘ ^ ^ >ij ^tl ^Jlj^ 

“ .’Ll,! ^ ^11 LT^l ^ ^ JlI^^ - ^ 

.(2.7) ^jUI 


W V «» «» 

^Jlj ‘^^ ^ Ijl—aJLt ^j —4 ^j-^j j < t Sj 5 !i jjj__tL^ 4 ^L 1 ^ jj-SLo-i 

f^yjb u j -pj. ..-^w I... it 1 ^a£. ll1j.^c^I <lj.4^ ct^ ^ ~ mu = dp/dt 

(jl 4 jL ^ ^4-M.JuJI (j-A*!. i.IlU 



6j^l 


1—Lj (2 a-) 3j^_^jJLi ^ J"J J' ^^ _iJI 

^ ^ *“* 3 ^ 3/A Sjj^i^ (1>^J '3~ ^^ 4.^iJLL^ ^ (udji—%3Ji 4 j 4^ 

: 1 ^ ^ I 4^»£L1 ^ JuL^a 


F = 




dt 


P = 


mu 


\l I -u^ / c^ 


(2.13) 


.»itl j tx > 11 ^ ciJ^ '>*1 !l 4j4^i lJu^jlIJI 1 Jk^J 

ijUjL>iJ ^ ^ 3" ^1 /4^ ^^yjl i^j 4 LJjJJ1 4juL^J ^ 'Vjg ^ 4j3ulij 

conserved Jlij ^-*1^^j,4 4^^i£iLa 4 -j. 4^ j_yJL4^| ^Li 

a^j-^ 4_LilLlib ^ ^JLtij 

^V 3jj.^l t -^"tl CjL_i^ 4 ^ Lai . ^ Ajt\ /11 


- - S. ^ 

j-ijj (_] 


. LjIj (Ji^ 4^4^^ j^LaJvi C7^ 1^ !>>> 1 

m^ss o^SLduJI 4^L1 o ^3^ ^-.q- .^.^t 4_i}LLLll L^il 

:^1 L' pj' q^^LuJI ^LL tcnergy 


me _ 

E=\/i.u2/c2 = \l(mc^f + {cpf (2.14) 

oLcj-j_uJl 4Jl^ • (2.13) SJjLjJLI ^ 4jtl 

:^J 4^1^’tli CjVjLiJLI ^Jl^ aj-u^i 4^^^..(.uJ ^jLoja i^ll U 


E - me" 


2 2 

mu 2 P 

2 “ ^ 2m ’ 


P ~ mu 


(2.15) 


me^ jLj^Jlj i4£j.j>tJl 4^L^i ^jLxJl 4 j^j_i_uJ^*LII 4_jL^a^Jl ^- jL.>Ji 

2m 

IoSLaj ,m 4l“<il 4^1 i^ll rest energy jj^SLJl 4_3LIa ^ lJijj-x^\ ^ 


2 ^ 

.E = me 3j-j-^J(Jl (j^ILuj-ijI 4-l^i a_4 LLjJ 0 . 5 ^ dv^L-u pj <» ^ 4 | iMiTLj 4jl_d 

4_^LL i4_^Lc. ^ A ^'.A (j^L^ |j| Laj t Juu ^ 't j ^ 4 A 4i 


2 . 


. Lbiiljj Loj q^SLljJI 4^LL (3^ La ^LL L^jLj K — E - me :^-il_*JLLj ^j->J 




t^tl ..^ d-^jtxil, ^ j'C !1 ^1 4 .^ ■"■ ^ \,AJi 

cjI (<i'^ll Lojii^. .Q^^Li-ujtj ^^_j>J 1 ^1 ^LtlsVLj ^juo^I 

I ^L^I i \JlA (j>L jJ ^jJaJLjJi ^ jg «^ * » 3 Juju 

*(2.14-) ^jLlJLI 4j3e-10^l ^11^1 ^4ud l^jLuiJ 

CjL^j^-ij ^ CT^l jr*~ -"'j* CjjLS ^^uJI > 't ■ ■ -M \ 

La (. 7 ^ 03-*^ iSj ' (*J *" (j^ t^-^LLaJlj LiJjL:c-lJI 4.J 4^1 .,. i 

# 

Liiij {jl—UlU <L_^jJ,1 4 J ^Luo^l t"il S J U "tl > < tiJllA (j—^ * L-^1__ Ujt-JU3j? 

1 ^ ^ . ..-s^ ^ ^ I . cHuLl p » .. -^ t £j^C . .1 tl 4^L1 o^ (E — me '3 ' 4 t \1 al,! 

ubj^ OJ^JJ^J OjLH>:H lV* UJ^ L>^ Ur^J (j^i 

t~ij >■ ((((JS[^)) jllufVI i^Ljo ^* Li£.j .l^jI^ ^ n jj 

IujIj L)3^i 4.a^Lu/ dljJJI ^>JJb L).^^ 

^,t III '^1 ljj9^ J^LA ^Lta (^j 4 jLc ^bi» ^L>. 1,4 ^.il ^jJL 

^Lx^VL 4jlj^^^Lo CjL^LLa i_ul1 J^ 4u| ‘i£j J ‘ ■■ * ^ J J L> / a ii_x5»jJll 

4^ ijj)K mti ^^^ILdLLs 1 ^ J Tj Lii—L^l IjLJa - 51 \1 , "tI 1 ^ a i ^ ^ 4_^LU ^1 

JULJ ^jU~ ... IJ .4 -I^LuiJI ^IjjJJ E 4-jJSLil ^LUI fJjLA^e^ Llj^ ‘UJL/"j 

M = E/*5i^^juum ^1 4*j 1 ^ ^l^liV" iiiLj iLillj 

2 

L^Lj_^£La ^^4 y A 3ljuJ1 4iiL^ (_4lu.%jj .3lj-JI 4 Jil£^ 

internal emergy « 4 _^ljJl 4 _flLkJl)) jjl^ j^i^l ju^j i^jJI 

4—jQj)IM Ii clul—^ Ijjj .3ljJjl CjIjj^ * d 4—£^j^_>J1 4 LL 1 1^1 -4 Us;^ 11 

. 4u^^jo 4^^.^J1 ^Ud 03 ^ 4_JLu L) 5 ^ ij^ ' 4 U t Ij^-. A 

4 (^jLuJ ^ 4tU4 tSjj tSljj) ^ i n^’ 4ij^ tL4j-4£. 

' ^ 3j j i. ^4 U. 4 I ^ A 4 I j ^jSu V /11 i ijL^j .4 jIj_^£L4 


LT^ •t^jjJl (^j)~ I III! j' n»tl t3“^ 



^jl9SJIv^l6jiJlo0 


(1 5jj *(JL^I Jj I m 

l^M" ^1 1 i^h^* <l 11^ * ^4i>^ 03^^ jl.^S^^i L>^J 

qyatj-u^Vl cr^^ > CJe-a ^ 1 Jjv n>> 

ljL>> ^ dh4- A jJIl^ CjIjJJI lIHj tU,! 

3 '*- deutron ( 3 ^-_AJ 1 ,1 oSLaj i(L_^Lj^SLa 

• 1_4LjQJ 4J9^ '*“ 1 ^ ^>A^ I ( ^ 1 ^ 1 


^Jl^Lj ^ JJ 1 ■ ^ M I iSl^aljjAll C < •> 11 I 

^ pj ■ - iii\ 1_^ 1^'^-^** ^ ijJllLll jjj 1 i ti .CjI g j )<i •^!1 


‘6^J l)JLH_W^ 


Z —> n + 71 


w 

L>^J i (JiL>^.>^ L>^ ^ ^4a-i-u-^l jl i‘'ir,l duljLiS lLILIa (J-uJ 

1—4^ L^jVLsbJ ^1 ^ AiVl J i" m \ ttlmS ^ Ll£,J 

.^tjl^j (jLaj-uLX itj. V I n\^ ^a, V ^il 4jl4tti aJJb i n'^H 

I I . I 4JIl^ 7t (I 4Jll^ m i ^ ^ i 1 1 41" ^ 

l£Jj->o 4^ 4 J k j p u'j tjJ^aJLl jUal ^Lj-u 2f 

l^^_j_it£^ I 1 4 A-l ■>■ I I i * ij L^JlI^ <j"ij-jJI (_^^] OJ Jl }^^J ULSL>^J^^^ 
j_3i£, j ,,.\\^ 2 11 ^ " aI U I (jl^^_4^ £ j E ^jlj njl^L_Ij V **•/ j TT I 

^1 jiitlLudj . C 4-^LLnj ^ ‘ ^ I LIjI 

'^1 *‘* a^L^JI^ 4^ ^IAj 

0 = p + k ; Mc^ = E + e 


^ p i . 1 . -^tl 4_^|_{o i4_ij1iJl^V 1 d ^IL-stl A ^ I 2 111 4- ~. . ^1 31 

2 ^ 

^jLsJLi^ p 1 jL_3fcJi_LjjLt. ^Nl^C 4d^^£Li-u 4-^LJo Vj lt^ 

:^jl -iL:?=:^l 4j (2.14) 





2 

e =- - - c 

2M 

A£^j-ljU (jjlj^l I (JL!iJLl ljub 0.5^ (j^ 

_J^_J_U^| t gU OjL^ Ijl^^ 

|q_) Ju3 LLA (J^t ^ ^j- ■^ " T t 4 _j_ 4-^J 4_^UtaJ1 ^ jj .' . .■»tl 

i^'\ jJbljIs L>-^ 4^1*1^ 4 oiji c. LAjI m '^■i 

.^4^1 3^^ Lt^ 4^1jl!1 CjI^LUI 


4MUilt§ djAJf 


“‘ (J-*^ d ih 4. A 4 jj3 1^4 CjIjL^I ^jjLo^ljJl S-^3^ 1 d-Vir 

< .4.^1lib^ CjL^i-^3 4 rtil-V A <iJj.:>u t-il j 03^T ' "J 


4-i-4^3 ^LLJI i:\ < ai^ ^33"^"^ ti»Ll>o 4£:j-uJl 

^ I p" * t A iC A ^3 ^ ‘ “ * t A^ m \ o? Ll:^ 1 1 ^ t , A ^ J. .. ..T \ i 


^^ * t >l ... ^tl ^yxliL-t^ '3~^^ 0^1 3^-^l 0~^ 4 ^L^]|j <J1j _sfeJllI 

t4_^lSLojJl CjL^IJL:>>^I (Jj^_j>u 4_n£^^ a\\ E 3 Cp ^jt cj)l in “^1 

ijjl IjljJL^o i t (J^e-4 E/C 3 r (J5C-4 cp (J^L>. 1 j LLL!j3 


cp'^ = r(cp^-vE/c), cp'y = cPy cp^^ = cp^ 
E = r(E-vp^) (2.16) 


i 4 bSLll ^^LiILi 3 ';j 3 ^ ^.. tl 4 ^ 1 ^ { 3 ^ 3 ^ . >Ct “It ^^^ ^^J {^jL^t 3 

*0^ *03^ o^ t.iL»i 33^ • Iij La 3^3 oLu-uVI ^^jJoLLo 3^(101^ 3Lj3S[j 

E'2 - (cp')2 = E^ - (cp)2 = (mc-)^ 






5 


(( 






At i ^ Ul '.i ^Ctt cjI^lUI 

t ^ ^ ^ ‘ “ * ^ * ( 

A i^. ft , <t^l^ll iSjJl A 

jl 4 j ^Ljj * Ijl-:^ 5Jl.j-*j 

A i j^ t i 1 A A i ^ t II dLj^_^U ^ -a.- ■ u I 

4 j t ^ijfj 3j.^_i!u ^ ^ La IjlAj . jljJdtVI 

JL^I (j-a j ^ rt a (_yi£. 
jJij 4 ^ -w j olj lP-^ I I I jU LiHl 

jj—1 A .~il A t ... y i^j_2jl 

Jj_^ iVL*.^ 4)->- Mill ujJl_>o iiij 

^ jL^j ii5t_iii ^_yk. 

^JlA ^VjU ^JiJ^ III^Lo CjVjLt A J J I •‘<11 

L^ V 4 iii"V 4 «^U jiit^l 

4.L.(.ujJL (^LlILI ^ * • ‘ “ t^Jj^^-ui^La i>1jV^Li.1 
^LjxjVI L7^ J-^ J 5 "l M djijJiAV 

: jjb B E (^L>JL 1 jL^y 


jj^ uilLLA ijl-^ Ju^ 

. I jjk J^ Jijjl ^ 




6 j^l QA 


E = Eq F (x - ct); B = Bq F (x - ct), 


(3.1) 


tfjLLAa CxjIj Eq C 

q] .X Eq (j^ (jJ-c. lI^jIj 4 ■^‘i a Bq i X J>^i 

j-ajjj . (cgs) dj ^cj-u CjI JL>.^1 ^Uoj jl Jl^I (jji-ij ■a-’iU (J_^ 
4 rtj5^ L>^ '»^dJ . J—jJjJjuU ^1 J (3.1) ^jLftJLI F 

C <^j-i-uj ^jJuldl J^" ■" (jl tX - ct ^ t j X I \ f"i F ^jt 

t ^ 1^" I Lii Ll^ * ^ ^ ■‘‘‘ A X jj^>^il cr^ U!>^' lt^! 

jjj 1 ■>< 11 ^Jubj .X jjje-qU L^l t iiTl ^L^oVI 1^1 tjl IIIjll ^jujJI 

I^Itt a F (x - ct) 4j ^^11 (Ji, 11~ i uL ij9^Ld 4^e-u3jJ.I 4j1111 ^j-u^ 

^1J SjJLl ajjt L^JSL!^ 4 i aAjI 4 jjLjC 1 _>.| 4JIj G i*’M "K (G (x + ct) 4 I g^TI 
^ I cjLjjLjjLll djJLaLXa .X + ct 4. j.,fl..)al^^-l!l 

Jj-oL>. (jl ij-*^ dj-j-ftJLI ^jIjlo 4 «jjU (j^ CiLaLsoVI 

) LJajI Jy * ' 4 -l^L^ 4 x.j. 4-%.^ 

F (x - ct) ajfjjlj X J^l CrJ! ^ 

: 4_l^ ^ 4^ L^ I 4 j 1 ^ I Jl! I ^ y * t 03-^ ^ | 

F (x - ct) = sin (k (x - ct) + (|)} (3.2) 


(^jl j "< “vl ((, 


JJL_C.)) Cj-jIj k J i^jL i 1 ^1 (((^jjls)) CjljIj (j) iljL^ 


\ a J )c (jlj^^^.£CLj (L^LudL^) 1 ii"i <^•'“‘^3 **.! ‘ J ^IjJI (jl j.^JLIuJ . jLJaTij jU 
^LilLjj .271 jl t ^ ^11 L^Lfcij j! <s L -fl ^^LJ 4^l^l 4.^1jVl 

^ I Cy^ Laj»i£. ^ L>^j^ signal ^ jjjiill SjLiiVI (jl^ 

jl i^^ljJl _ixlLj LljjJl I ) k (^2 ' ~ 03^ ol 4_^j^_iiu X 2 

.( 271 radians = 360° oj^ ^radians ^ U7t\\ ^ ^ Lj'jlP* 

\ k ^ Cy^3 ~ ^ 41 . ..^\ X> (_^L>>^1 





djL-uVI jj^ X a ^ ‘ ...itl I i|JJi^L). k — 


‘Cr^->^* 


(^yJb X 4 _i^^t pjjb .kCT = 271 '^‘1 ^ ^ L 7 ^ ^ jg' ■■ ■*< 

-ijjj Ly tijjjjLjJLl SjLJo^^ period 

4_^iLiJl ^j^L5Jl IjlA i, "i i n >j .f = kc/27r '» t f ji^^S[jJ! 

<—)^ (jl (^1 :t' A. — C 5j^—t^Jl Aj^LjJI ^jjijIjJLl 4_fl^^_jLll 


27C . eI \ 4^j-i_u jil V ii a 

JJjjJl < <|J (^jjl ^iUl<^U ^ l)^ CT^ l^"i ‘ » t L-fl^-i-il 

271: tijL-^ CO (jt .CO = 27lf iJ^L^Lj ^J-M^ >AJ CO 

JJulII jLtioIuVl Cpulii • f j_y3 Ijj^ i>i ^ 

CO = ^^CjlII (Jj-LaJi 271 4 <> t.n^ ^jLaJ i^l <ti^ k 

-ijudl^ ^j^IjJI -SJ^i Ijy^ kc 


^LmI i^ djLufj t A ■ F (x ~ ct) 4 ^Ljl11 ^IjJI 

J^L>JI superposition <^1jj Sj L_. ^ x jj-^l J^ ^ jll 

jjl^ l 3^ <=* 1 ^‘^ 3j_^-uaj (j*~j^1' Bq ^ Fq * . ..11^ (|) 

^1 ntl (jS (Jjjt iii^Lq cj^jLftJL l^LitJl J_>Jlj ,(|Eq| = I®qI ji 


3^Luui^VI cjLaL>uI *j ljij^L4 


• ti 


.((^ 10'^ = 


^\ ^ <iiJI 1^1 1 h.i A ^Jj-4 

a L_^l_^ <Lj Jl^lal (^JLjo LlUjij ‘ ^ 

—^ J ^^) UJO-^^-4-* 0.4 - O.V 

i— i^jlXI Ijl^ Lj, V ic. jL-i^^yi 4_t -j “. ■. 

.(jISLaVI j ^ ^ * LLIu -^1 j—seJJI p ‘--^" 5^1 i^^yi _ 1 ^ A 

i<L^L^ a j ... jU. 1 /ijj (jl ^ <^jl LLa t ^■ «jj 




Sj^l QA 


^ i t t .rX~l f^^Liilj^ t^jLlt cIjI <>■ Ml !1 jlj^^l t i i I gJ 

* i-iUjL^ . LLj^ Lll (jl-^ 4^L1 o ^u- 4-4.^1 ^I 4_ji_^? j_J^ * 

51^1 ^ OLiil (J^l ljUb jJj 

* 

i3j^ < ^1* ■ - Ij ^1 4^1£^ ^Lj^jJU ' ^ ^LiuLJ AJ j| 

. «<^jJLj (jJ^^JL^Iu (jl 


^1^1 

iJjS.! -iljjaj metals Cjljj^l tj\it_i_uj JlI^, 4j? j^JL-SJI JlL* (_ajjjm 

4_:^jj OiUL^ I t L^^^-4 C^i 

ctit-L^ tkiJJjt <-^l j j til C.c%_b^t^ . j iJ^tl f I 

^ JJ) U* S !l 1 ,3,i,.<r\,".i.A (jr^ L r ^ ^ ■j.iA., jii[.H 

. ^ j ... j I^IJa n 4 j^JoJJI^ 4^I^^i_>JI ISu-aLIjjJI (JS^ t «i * j" ‘“^j 

juuuJl^ oLbeuli jl^^oib) i^f I <1 il^l i> 1^ Arf*»i ^] jJt Lo 4>fc!La 

^^JsLtJ ^_yjj (_yJbJljj tjljj-AVI (_yl£.Vi 3jlj->Jl 

Ct^J *(. 71^1 i^La^yi 3 Jlj!u 

Gustav Kirchhoff ■ ^1 - ...^ o l U- ^ .‘r. ^ j^LiJI 

^Lj L-fll «u "1 ^1 (j!;A ol ttl I 

^jjo .T Lq IV <r. ^ t^J'* ^ ^ 4 j1jJl^ fiix-j ^ wf.l . 4 jo 

^L-i ju] " aIj i±j 1 t “ ti 3jjl—^ (1)3^ U^ ^jij. li '> t j"tl 

L^Loj (j^ L)^ m i jU l ii > 

1 La 3jj^ 4 iTT M) (^j) "1 I 3^1X1 LajU a (jL^ 4j 1 V| ii^lluT 

t(jujSL*JLjj .^1 n Ml! ^1 t~ il 3jj^ IL 4-^j..^ 4 1 Tr Ml jljJljki (jlj 

• ^La-mV 1 4_dLIo I a1 ‘ a 1 ... tl ^1 • ."iVl I ., ... \ 



«^j vSII» pSJ\ 


t miL ^Lc.^1 ^!*(<1 j L_dj_u< 4^"i -aVlj cIjI 1*1 )VI (j\J 


J-a_*ljj (j-SLo-a oL-^l J_S 


L oljj^ 


^ ^ j '.. t ^ a{ \j *; ^|jL.iu_uiLj '‘ j ^ ^.judjt 

-j. tVl 4-1 jL 4 ** .a j 4 tjl t < '> J 5 jl_Jo *^Lj 

^^jl.<fi*!lj 4-£j_Tr'"i A 4jL_tiVl isotropic 

(J—a ^ jLi£. inll (J-uAj 1^^) ^LjVI 5 ^ bv~«aj 

4_1Ijl£^ 4li^Uo dJLiIu f ^ ^1 LiJajf 1^ 4jf ^ ^ ^*i^S? 1^ 

.^IjJU^I 1 ^ I a ^j) II ajU,! 1 Iilln a , \ Vl u C7~-^ 

•>- 3jL3h.^ l)^ 4-^L^J1 L^i) ^ J ^ ^ * ■‘^.yI <eL3LtaJI 4 -^Ul^ U 

,i a,,4,*" V U ^1 (ij-j^j .CO ^^^^3 

^ -<--^1 U = U (CO, X) 5 j »j ^ 4«_Jlj 03^ _^ <1)^ jL^i-i—S t(jljJ—^1 

((p ■ - ^ J ^ ^IjJl .. !^ 4 3 j|^^^_9Ji 1 4.^jJtj 

.A j . .,l . ..Vi a ^ ^ aS? 1 jj.—a jJL 3 ^ Ir lLLIu ^4j (^jln n L^|-^ i4_^^^ ^1j 
Ju2l .^jLi LjjJ^ ^ ^ 'v jg ^ ^ ^ j '^ < * . U^ 4 ^JIOj V 

jl iJJ-iJi 4 ( n) (j'AjLJjt p^ rtti ijLA ^3^ 4*i <<il 

.J3^1^l tjL^ 


Max Planck oL^u ‘Lo^j 

L*.i.Y 1 'a.. (_y^l j^^Vl (jJ^t 1 Vjl j i~< 11 Li£,j t ^ ^ • • pLc. \ *4 jJI jjfc 

Josef Stefan (—(^jLi.u_4.i 1I pJLjdl (ji-^ .L^Uj (3^ 

^1 — 4.al^t ^UaJI 4^Lij^ 3 julj uiUj 3*^ Jl^ 

3jlj_»Jl 4 j:kjjJ 4^IjJI 3j_^I ^a c-u^Lljj — '^T U 4_^l^j1 4^1 !l£^ 

q] LiUj jLJu Ludwig Boltzmann «oLqjJU^ .T 4S'UU 






Aj-J ^A^V *4*1 ■> I 4 aLiJjj—Ij—A t"i 1 ~M 

(jl i, i ':r I U (CO,T) <L^Ij 5j_a i W. Wien 


u = 0 )^ W (co/T) 


^ ^ ^ t4 ii^jJLi 4_^ L^ AV 

iljLjtil (^yjj 4J-t^jl (^j-ll CjLjsJlSJIIj JVjLj_(_uV1 (3-SLIj i LjjJoj 

IM i <il 4iji4 olj i <n julj^ ^ 1 t>4^Vl ^^'Lc.1 Bj^^jJLl 




: jLjjLsfc^l 4^j (.7-^ lt^3 


W (to/T) = A exp (-b(o/T) 


jj^l ^ ^* jhlx. t.ln.injiijl (_7^j *'• A j ^LIjIj b j a 

ajL^JLi 4 _l^Ijj Lord Rayleigh (William Strutt) (ojjJLu/ (^JjIj 

A CxjL^ fl ^V1 t "i . ..I I 

:<_^|jjji il-v 4.9fijjJJI dJJb ^^\ iC^^l 

u = kg To)^ / 7t^ c^ 

LJJ—uiLo ^ ^tl -*^1 ^ j ~ LLA kg 

J^lSuJl 4 jlof (J*i Lr^^j 4j"< 1 ojLS^ L. Boltzmann ((^jLajjiJ^ 

5 ^ t". U^_! ^ MI4_^ll^l ^lii^ jLjuV 

Aa . ..\ )4^iSLIt ^LLJI 4^L4J V 


JU-j-uJI ((l-iij^tj)) L-fll i^"l i 111 (.7^ ^ ^ JjL_i_uJ1 

# 

tLiij^LJ ^Lj-4j (j-u-ujj .(^LjoJI (JjLiil! 4JL:^jjj H. Rubens «(_^pijjjj)) 

^ iu yJil f_y£,l t jnVl t rtjUtI CjLujL^ iJj^I ^Lc. 





OjL>-l 4 .jl 1 JoIj Ljj 1_>. Ld-i^iL^ ^1—^iJi pLIjI 

^ I ti '^Tl lu a j Xa~ Jl dI.>L JUd! UjI j ^1 

^J1 " i ..V ^ ^ i_L% 1 Ti ... 1^ < L^l^- tj^_i_u^i 

4 ^LjlII cIjI^JjJIJIj 41 j(j^>** 4 _ua^i&lll 

^LIj ^ 4 .Jtjlj cdj^lj 4 t j t“. 7 t A “ilj 4 _s^_t^ j 3 ^ '*• * 

clL^ij 4 t j irt^ 4 J t^j 7- 11 (J-u-Ijjj ^LJl) Ci-ii^lj )l— 1^1 ■ U ...jVl 

..‘“'I 4^1 


LiUuJI ^jjL^ cillj Jl lj_ALa I ciLi^lj 

^ ‘ ^ ^TiJl^ fall j (jl 1 i^ij ^cljs iJ j ^ j ... Jl 1 

^ ^ ^ CT^ U>^ «-Ia->JI (j t M jiV ij^ ^jL-^1 

.(j.^jAJ ^11 jLtoyi 4^^JIj3tL«4 CrfjLf tl 4 .jX..LjJI 

11 ^*ia" ^ ^ •_■ I 4^LUI (jV . Lv jrtt'i Ijl 1 IIa lIL]^ JLi&jl 

(jj)^Ti (jljjLJ^I (jl " rtj (jl tl)^ t^L^jJI (jljJUK 4 a j ilr> 

«^I^^Jol JlI^ '9- .“..a (^I ^ ^ * CjLiJljJG^ jpa 

(ji-^l^ ^^1 1 ^ ~ . -I t t^UoJLi-ulj . 4 II ^ ^ i ij-Tl (J£^ (Jj “14 I ^ 

U (CO, T) <L-i_ia-i.LnJI ^IjJl (jl i«l_i:x>>Vl (j^ 4 _JLj^ ^^ 6 ^ 

(jl Lj«j .03 tiJj—^jJI E (O), T) 4 aLijj^^d^JlJI 4^L-LJ1 tU < uj "i 4 t 


j.^uj (jl 4 jlr. (jL^ .d all^ tl A i d ^ jl . ..tl ^ j ■ ”N^ ^I 4_suIuJI ^ (J 

^1-uslj (^l^ iCiLlj (j^ Vjli i4-x£J .^^IjIj d • ^ i^ Ct^I 4^JUb 


jL^y — juu 1 gj4 "kI Ll^dj-s 

‘ II VIj (jl 4 j^L^J (jl (^^jJLdl Jl 2 J . I (_ 7 ^l cL^u^JJI 

1 £ = n1i 03 :4^1 j 4 jjojl ^i~tl 1 !>.A (j^£[j (_^l £ ^L^JI 

(_^ 1 —ul (^W' t(jl^jL-%JJ (j£[j 4 J LT^ 1 -u ^ j f- '•fc.ii^ JJLC (^1 n 



bSjl^SJI Sji^l QA 




• ttco 4 . 


aUo L^.A_d A *j (j? _ 4 -Ut IjlA 

^jL?U_Llil JL^ .«.iij^ij CxjIj \u^ - Ld t_i_L^lj^l 

4 ..^Li^i ^jLjlXI t 1^03 i^jjIjlII (jjQ Vjlj f jjjJlII 

‘ ^ ■~J^ j liib 4 . a, lir-"i x*i\ "tl tiij^Lj C^jIj tjLfl ‘£ “ nTl f Sjjo-aJl (_yl£- 

4-jbljLJ ^e-jJsljJI ^=h/2]T ^jLftJLlj Liij^lj a ia 1 4. “ . ..\ (^jJl liJj^ij O^Ij 

j 4J£L1 j iC^LJ^I I5 ^ ^ \ Ii~<j ^ liIjMj (jf 

* * 

4 JL 4 _l^ ' ^ * J it-^tl OjI^ IjLljL^ LIjIj ^ ■" ^ 1 t 

11 


u = 


1.-3 


(O' 


1 


K^ c^ exp (ho)/ kg T) -1 


( 3 . 3 ) 


(jl udj^J In" I nl 4^1 jH 4 j 1 ot 1,1 CjUI^I ^ ^jLjlII ^JLA 

^l.tr\" <,»l j- J^Vl •kg CajIjjIi OjUKI JJL.3BJ 

^] (J^ JJlc J. I'a- j (jf LaLgJ ^j in a 

^-jLuil CuL^ 1 OAj ~ V' i ^i-4 'Jfcj 4,0^ ^^11 4i-> inll jii V 2 l 4 

llL^Ij c^Ul! 4!uJl^«JI 


ti = 1.055 X 10 '^^ erg - sec = 6.58 x 10 '*^ e V-sec 


( 3 . 4 ) 


JJL^\ .(cgs) cl. ^4^ ^4-uj i^xUnill 4-3LIaJt AjL>-j 4jLj *— 

j_i_jLj i L^Li-u I ) Lij^-ij ^jj 40 ju>.l^l (_^IjljlJ 1 

^1 (la^V ' 4 JI ^ * *< < ..Vl 4 ..ajL_Ju ~<^V 1 3jl^^ C>^ 

. Jj.^1 X ^~i 11 4 ^ ^LUl jLftjl 4 J ciL^d-j ci.ijIj 

^Lsc-4jVI (^ 1 11 p ... -^tt ^1 iLL^j ((jVI jij 1 '* 

4jkjj 1 Ti.^ 'v. j^j 03 ^^ the Big Bung 

^^Ax4x1I 3 j-^ gj \a 



\SII» Ky>K^n 



^ I t.Ail»iil.li ^^SDI ^LajliVl Lii.Lla : (3.1) J5L^ 

A ^ }» 1^1 uJurtLJ15L4) 4jj.^wJt ^Lju^t >^1 4 jTIj 

p- - ijj VtiTI ^ *1 '*1,') H ^ ‘ ^ ^ * * * Ja^)! i(COBH 4 
A .tM. ti ^ lut t t <3^ 3^ = 2.73 K 3jl^^ 


I*1 i 4_j‘^ -^“tl ^IjllII (3.1) ^J£Li^l ^ju9^ 

L«i£j .4.^L>JI 4_^^^£LI1 4 .^jjl 1 ^^JLaLlJL) (>IrtS.i a J^^-) 

4.^Lxr lZ.ijI^ ^^1^1 f_y^ ^1 Jl.>o ^^-uSUI jLstt-djVI 

. t Ji^ '-^ 

^ i^oLaJLlI ^lluil ^ ula^-StLa lLL^^j (Ji^n'v J^ 

* 

Kj ^Kjl.1 o-iLS^j . jj..\.^ J 4 c M t 4 o^ ^ i V *I^lj 

t L^Lj_ui (j^J-JuijI (jl-^J .^j^LuiVt 3JL^J.4 J-^ (J^j^ ^ ^ M 

SJUJL:^! ^Jl 4f.Vl (jl 4 ^^-JuJ 05^ CT^ 







lIlU oL [jl mu Ljj^^j 1 J>^ i 4 Lq j '"■ Jl^ 4-1 jJtJiJlj 


^1 • .“.V T d i ,.. 1111 dL.vtIj 4^1j 4^Ll^i .^LuojVIj 

4^.^ L7^ (j) ^ ‘4Sj^ >%.ti t4jlli 

ol 4j t tty- ^1 2jl£ o1j< t til Caj)lt 4 .lLUjJ IjLilL^I .^CO A^LLs 

* <jy T ■ " > t" "l i .4. 1 ic. I n ^j.4 <*‘ia iJ~t 4J A-JJJ*' i~i 4 

SjLj-c, t-ii ^ j... -wti jjjla ^ji J. J. Xhornson <<■ 4^^ * 3^ 

4J_u djlj^-J 4j-ftjJJLl jl-^ (j1 LuajI LjQjU 4 .oLjjl^JiSL!l 


>lS "i JU ^1 4^^! ^ISLaL . 4 Ml it, ill ^1 J_c.ju Lillj . ^1 • niVI 

(2^1 Vi 1^1— 4 —uiVl SiJ—tiu ^ L-aJaj| ^1 "CtVl A-^LLa ^1 l_jJajl 

^^ lI^^LujJI ^La^VI dji^ ' '>j5'* ^ * cJ^ .". < 1 1 

J■ 4 i" ^jjjij—nSJL i 4,).if, (^photon 11^ ^La-al 4»ll 4^ II 

L4 Uj—^ ^jji^ 'i^tyi jl 5 - 4 j^ j-SLlVl (j^j ^liw L-ij^- 5 j 4 -Jl. 41 £L!I L^xSU» 

^ * A*jt 1 * .«L-]L 4 4 —U ...TI d 4 " 4IU 

i ^ ij n.^al <«ill t oiVI djuif ^^u>«ti ‘'(*C!yi a-^L^ . 14 * •* Vi 

J 4 11 JJi-jJI ^Ij Lijft O 3 ^^ * ^rnax ~ ^ 

_aJL1» 4Jl_A .jJ-^l ^ ■ ■■ ^j-4 _ li^Vl ‘ , 6 ^ 4 — Aj^ll A_-Bl-LaJ1 

L^jl *< 1 Uju SjULj JUtj VI \ 'ir IJ ■" |«J ((4^j) *^^^^11 

(^ i^T 1*1-^ 0 .^V. Richardson u^jj-ujjjL-Ajjj)) 

R, a. Millikan K. T. Compton 

jJl-s&j A^LLaJI |»j—>J Mini ^ ^ J—4 jl i .11 

AjLstjl Jjua^ ^ \ * 0 ^Lc. Juu A^ljJi^lj A^j^A JuI^^ QJi ^4^jJ1 t^JuJ-u 

4.J4 ol^Vl 4^ 1^ til I J (jL^ I 4, \ Ir J .A^jl^^i^t ^j..>Jlj 4 J I I ti it! 

(jJjlUj I 4 ^ g i-A 1^ -4 > iaj\—t^d\j djV_A3 l)1-^ '4 *^1 

3 J ~ ^IJlA 3^ ^ ^ J (j1 * 1-^ IjtjLi-d ^1 ' 4 4 i l-» tl ^3~^ 



«<fLAjvall» pSJl KyilVij 


iJa ^Lt S.aj) ^jt 4_ jIjlJI ’i / a "i Tuijl ^ I c 

LajI-I-Sa P l£Jj.^O LuOjI ^ ^ ^ (J— 4 .>^ ^ 

aLaL^JI cjL a-i_<.u.>JI ^ *p = hco/c = ^71 Yd 

I 4 TI 4 4J (.74^ LT^ CjI AJ i n'^Ti JlL^ 1 ^ i~l AJ . TtI ! I 

C7^ CjjI^ 1 (3 pjjL^i «Lc.j.^^ L«jlj J-^Iuj ^ 0^3 

'*’■**• * 5 ^ At! 4j^.->tti Photons ((kljlj^^^)) lIUj Juu 

■iiitj (_ 7 l^ "^1 A ^ “ij ^ ^TY ^1_c A. H. Compton uj " .' 


I ‘ • ‘ • 


Sjj_Li^i djUolLuVl ^‘t*» ciiljjj^^liSLlVL} <uJj-ui-!i ^jlJuVI t-»~...1^ 

. (_^j Y i"n I, |J*>* Y +c —^ Y ^ 

^ OjUaiLul lJijus^ i^jja ^ t ^ * 11 

p.j-uaJl ^j^ c, Ii~i4i t Ijla 5^j i^!l 4 _jJ5-*JI ^jI Vj .^jj^yilSLIJ aIoj^Ijj 

mm m 

4Judb 4J (jl Luul aJ t dXA tA^^ AjU l3j{^^>ju» 

W2.VC - ^ — A^^js A-^Llii A_^1 jJjV1 3-^ 3^ 1 Ju^ O^ jnj ■ 

* 

. (jO i*Ii / \ ! id^ ^>jjJi J^ jiiB .particle duality 


lN^lMUiilt|»k 

^j.u.4_jJl t<L->jl -.aJI jjL-ua^ ^1 ^JL^I JlLa L^^Ll_4 

Lc^ j\ Ifi-j ^ o^3-^^ L>^ 'iA 111 t d A^*11 j 1 1 j ^ji-i-lI^ t .^nIj 


^ i~i "i n L>"3 ^ ^ ^ ^ (Jj-5j 

j,^ i"i (.4 jftjLiblLuiJ ^1 ' ^ ,' * J ‘^ A^^ljj t~.* '"“"jj 

<>*U ^ jLi^JLi (2>^ ‘ ‘ .* ‘ ■ t-^ jl-w. ^JjL^_aJ 

<± 4 jJl^ L^ j * A ituL^\ ^LjLuiVl spectrum l-L^ itujj^\ 

^Lt-fcuj i i ■ *t ^ i^a \ A_It JL^ ^IjluIu^I IjlA 3jlJu 







cJi-ilnJl L^ ^ ~ • t . ^qx.! < ^La_t!uVl A ^ ■ ~ • ' ^.. ^J_i 1 p ■ ■■ 

1 4_!Lc.LJI 3jLII 4.JLu.jio C7^ <*•<• * m 

^4^ V 3jjL^I .1 ^J ^ J J r-J 

(_yix ^ ^ AA 11 ^j! VJ .5jlj_:>Jl 5 jLj^ 

L^_5Jl 5 jl i4_^ljj-.^ 5j(j—tuJ L^jliiJ :t*iJj jULa t(^j-_i.i (JjLu^ t 1 ")^! 

• 1 L.iSL 1 4 jij^j_u lZj i *-■ ■■-^ Cj^ * ^'“' 

Jl->-^ La LiJLx a 3jj -w^J ^ «J' JlILqj 

p n 3tl ^jlA . dJj * >a <Ll^L^ ol 3a “t a a v .^.l! 4-3b.L^l^ p 'v ^ i.li]jL^ 

1 ^ /*■ ^ <L-lajJ^J( t**\ 1 <L• 1 1 p. 11 ^ . Lif'- 1 ^11 ^ ^U% t 1 j 1V I /I iLt l tL. ji" 

^ aJl (Jjljt ^1 1 g "Liiiljj ^Ijljj 4 j 3jU!l cL^Jri-LlI l^LJu-I£^I * LIjLx 

^i^^l'^.TLa 4J^lj lJ(3J)Itii'V‘ 4c-djljJia-11 tjiJjuaJL ^,^Jaj La^ 

o^U 4Aa-u3J,l JojJLl^JI (Jiup *4 ^1 j i^Tia 4liij^ia LLaj)tnL 3t>^ 

a1 cIjVL>> ^ ■i"*M r ^ \j ,» !i (JxaJj 44Jjjca 4 JlIx 

Lui^ .S-iLLi JiL_.-uVl cjI 3 lUll 4±i>.L^l j^Lj— 

4.xix>> 5 I 3jjJ1 ^ ln>iJI t_ ^jLtl I Ith^j 4{^;0JL>JI 

^ ^ n 4 ^jUti 3 JuJl:x 4 . ^ jU tlajVi'w 4 J_l.uLl^ t al 3j^ (Jj^ ^ 

Juu 1 a Cx^LtuilStj tpj)jij^iT cdJj Jju 4 "/u.i 4 tj_g t(_^jVl 1 pJ 

.(jiajS/l (_ylx La 

LajjJ aj^j X <LvjJu Ln) a 4 jlnll oLuljjJL pLal 

i^^i^LiJI 4 jp1j aj^ll CjI m^j^I 

iSjjJl (J^lj ^jA 4*’iJi C\ Jluj ^LjXJ 03 ^ U^ 4 Jrt jlnli uLajln j^tl (jl Luaj! 

Sjul <ii!l 4 j3jJI ojL^ .^J^IjJI tJ lA < ^ jj ^ Loj Lji_p| ^ l.\ 

4.allit^ tLLajI cZjt JJjj jJdLj t rtjUH Joj) In'*- ^Lj ^ j iLr. ^pjjLlI 





^ ^ ^ 4j^^J&I 1! .SjjJl 4aJ^.^^I CjLjJLJiIij 

oL^j. LiL^! ^ tj (jl ^ jji V ~ A t~il I-- .^. U" . ..**> «<L 

^ <1U <v "w djj ^1 Liliju ^ ~ ^ VI 

a j y. 1 ^-jLJuJIj CjLjLj_JI . a 1 jUS/i f^l ^ 

cZjljJj-jJl 4 j al^j JLA!j_i^ (^I JUJL^o ^ISLoVIj Ijj Ld 4^^_t^ 

^ (ji cjL^I 4_^L£Lq] iJUlII ^J-j-j—uu i4 

3^£L^I aJJb a A «L^j aUtj...t Cj[i 541^ 


^ljk>j^)) 4^ ^ -3^ 4 .Ij A aI CjJl.^1j i^JlJI j jln-^U t rt li 

*iiJi:uT ^>0 oj,"...!! ^ jJl Johann Balmer (1825-98)«jiL 

t> ^ ^ 

' ** ^ * ^ ■^‘ * IwJui 4 J (j)j,iiiiiij iAjj-mJUiU^.j^ JLa fjfjSi L.ujJl^ 3-4hJUJ 

3jl, 4 , kJI (jLS ^_^Lj-uVI 4_al ft "i a1 (j! jJl-^ t»L^, j, ,d.H Ijl-xIj 

( 33 ^ t (jl J5" c 1 i4l^ l)*^ ^jj Mi’ll 1^ 

* . I djL^bjl i^yi CjLjL^I I H <i" i iilj .CjL^U^ (^? i^jC, t,*‘j'a‘ li! J i^^4l 

^jj^JLl f3^t 4 ^jlr> 4juj I ^j^ a1 jJI A. Angstrom 

t *1 t ^jlj X 4^^^l *• Cy^ 

1 a l->... .11 4 ^4_ftj.L^l Cj^3 djuk ^~ "I 

• ^ j j i >■> 11 


X = constant x 


m' 


rr.2 02 

m - z 


m = 3, 4, 5, 6 


LoLcj ^^jLftJLl cZl^l ^jLaJI jj'vjJI ojlii^l (.lUj 

t ...i ^1 Juu ijJLLj t^" ■ ■■! t4_^lj ^ J"' '^ * L9~^J •4.jujVl 

4 I ill illj jl ~ a a (Ja^ca-%j ^1 lIsj > 4_i^L^ i.^)A ^1 ^ 

. m = 14 m ^a^-aJ 







c^J * ill t4^1~V A cjL^I j^jiJjL%ja tCjl jg _ > j£L!Vi 

jij 4jl i<LqL^ LbljjL_:w yt (j.T. * tl jJjI^I 

^ ' ■■ * ^ ‘^I ijXi cliJc-Jl 

i W. Ritz j—:pj ^Ij-j—fll tj“-^ 5 j^LaJ 1 djufc O-iL^ .4__j_i_jlaJI ij\j 

Ritz combins-tion lu^ tj_j_£ij.jJI ^3 jl_£.L^^ 1jl.j^ i— bj-ju t~.^ . 

.2 .^^1 ,i^{ \ l^ajIj ^ j *"11 ^j.uAj (jjjJiJl Vju t^'L jls ^ ■" * >^. principle 

3jJl! 4,1 i.u ilLj 4 j iJ^lj^l 4 -jL 

o ^ 

: j_ij-a3 tjr^jjJ^l 


1 J. ^ 

X = constant x( ^2 - ^2 )- ( 3 - 5 ) 

. I Jjw 4ta^<..n.i 0^ 4,4.j,S.>iJI 




j>a JjVl jltll JjIjI .Ernest Rutherford -Jjj-Sjjj .-o.iijt 


LgJt CjI 


Ji>-^ Ch"j4e 


iUljLg i . .. A I i 


jb 6 3l^ j-A OC (II -v (jl jjLAjVl ^j 1 1 j 11 *4 jj^ (3^L5|j 

I Cj^ j' ^ a t-> A ^| (X Cj^ J ^ ■■ ■*>- ^I Jtjij-djj ^Li I i—d* ia 

I .unjl 4jSJ lAjili JL^ a *4 ij a a CjIjjJ ^_yC.i a miVI 

* ^ 1 ^ tj ^ w Ji t 4lj.Liij^ CjljjJI L^ t 6i V d~t 4 lu t 1^1 gj i u^ jJLuxa 

^jl < Ji ViT 4 ^j^^^_aJll 4 ^jLjl ^jL-aJJI jj,g 1 t 4 j "i a (jl—^ i a 


ji ^ ^ a t-> A >11 0 (, ^ 


LAjJL^ 1 1 <r IjL:^ 


L)ijij «L«t3g it",." .•^Vi CX cjLajuuon 


N'Is.rsdcn ^jL.v a n^La^ Geiger j-:^L:w 4 j L a j c. 

Lljj I \ fcT 4^-lLi^a tlj JjH* 4^ljJI CjITi iln 4^l£Lat jj ^1 




vSILs K 


filXJt (JiL^ Jjt—iJLj CJJL--VJ J—Sj CjjL^ tjlj ‘90 

\.x^ ^^ 43cjVI^JI 

.5jjJI L-*^jJiJ iSjJ^ JJ ‘^"* ct^I fjiil"^j i4_JuJbjJl 

CjUj}^ ~I^ TVl (jl 1 a J ^ iCj^ \ ttt"! i tJll JjIj O^ jL-i^ 

^ ‘ ^ LjI oj-ui— lil 


JddjVt (X pj ■ “ cLtljuvl ^ ^ ^ 

i3j jlII 4ir*^ 1 ^ .ui < u ^^£[j ^1 juV 5^j,i^ cl 




^1 U“r . ..I j .^jjJJ 4-i_:^^l A'lnr ~i -a-j ^JlJl n -^tl cilJj 1 ^t! 

j■»cA-*J pjL l^*!] 1 ljub (Jila ICincmBtics l£l^Lci^ j 

(jj^ (jt I—flJL^Jl 4l‘t^ (jl ^_y]] IjLmmjI ^j. iS 4^1^ dtj-i!ujJl CjIjjL^ 

c-flJL-^l (j^Su ^jl uilljl^ .CX 4l"^ 




.toi-i ^ ‘ lJu>> 


BIuLj 4^jj^ aj[..iM..A L-a^,fls.jj aSa JlIc CX pjfcii.-r^ 

1 O 

1 0 jj£. j"'-^ ^ ‘ ^ * ^1 ^1 • 4.J^1^ ^Jl^ cIjI j 

c-Lic. cIjLij/ljJLll ^JlA Jlaj ^l"*/" i nl t 

«Li! (Jj^t ^ Ijl i~ir 1 (jja Uaj^^jta '»■ .t-j-AjJi ^j-o t3f^J 

Q 

— 31^^111 ~ A , t I 4j^^^t A l^X \' • j^^^jOu-tM 10 ‘ 3 itl 1 ^^Li_uJ 

^ ^ ^ j iaLa^iJl i_i^ ^ 1 ^LL^J ^ « J * I^jja 4_:^jJ cIjjL^ 

(_y3 4 j 4 tj *>*M i^i"tl S^^JbUo (Jjl'-fci I 

* 't ~ *" . 4_^^^_ju^ A j ^ 1 £Ll aLiJ^ pli,Ljr j-lhL) djJLutlJl l-J^jj 
4 f*a- (■» ‘' ^ ^jl^jLa OjI^ *4 ~<h^j (X pj i y'^ll A\'7r lii (j\j 4 «i n <!I 

(J£LJuJ 4j^^Ja-iJl ,_L^^ , 4^j^)ji-q p-^ '^C- 3ljjJl 

pit 1 . IjL_ljlj (jilaJLI |^j~j .Mill (jl-^ • L^Lj L>.L:u (jr-hlJ t- "t 11 ^^^-l^t-ill 

4 ‘c>“^ ^ C>^ tc^ubJ-U Z 4_4^ 2 









. IjUb tln^n j^jji Joj^orla jJ^it cllLjjb (j^ 


Lli^j ^ ‘ "N a <Lq^[j>o 

d t . ..iU > I_a ^1* 4. A i~t\ * Aj-i ^Ljj^ tlr~^ «tl 

4 _i_i_ui]lj VJ ' ^ «L_JL£. 4 _jwjJlj i" ^ ^1 jjf «L>J ‘y-\ " ■ ■■ ^' 


Ci Ml ll 


...\tCtl "tl ^ ■ ■■! Jl^ 3j^ jLac^ (Z. 

3jJ ^i II j^-L^ Cu-fauTJJ ^ jl... 4 t.j 1^ 

^ J t 1 4 /-»• All .4^,..^ .^. 4^Jj4J9tj44 4.j^f 

. \1jj^ 3jjJt 4i3^ (jr^ <Sjf *^**J y-iliia tj4 <Vi 

4j^ jJI ^1 j^Vi 3ljJjl t 4I ^ i3lj-ljl CjIjI JL^ 

12 

10'" * Lo^ ^ /ij3^tl 4^.4^ dijl^ oLd ‘jLri^Vi 


jfJ4^IC*«|*Jl 

3^^,j_i£LII t~tl iS^ti ^jJaju cii^V l^l Vt ojj^jjj 3^jJ ^^-ul-iJLI 0>l^^£.VI 

4Ju<b . i ^ " 3 1 ... 4.j^jJI ^jL^J 1 ^1—u 1—^1 u« 11J—>• 

(j^ L-j ^!i 3jj 3ijj (jj)^T> ,^Jl 3 4^ ^ j 4JL^ dj^l^LuJLl 

. 1-4^3^ ^33^SJL 3)3^1 4 (JjLuj 3 i ju^3 


13130 ]! (J 3 ->* <-i]^Jtjj 3-4 ULLLa _gL^ ^1 (.~i ^L>. (j 33 -l£L!yi JL:^ 3 j 

4 j ^ ‘! 1 ‘ !^ 3 • 4 4 I A j t j ^ 1 1 Lj ~ 4 03^ ^1 

* LcLjL^j c^<t ij ^-^3^! 4_i.sc—uiil (3^ 'a j*..MC11 a^... iL-^1 >♦ 

SJjUo . I 5 3j ^ji 4 Ac t iij tj33-jSLjyi (j! 4 3j 3 jJaL^ Lljl^LaLj (jl 4jb3-J 
^^■4j I i^V 1 ic, *lO^! ^ 3-^ LdJj J3-ftJ (__d3_i_u *1 <ull Iju^ 33 4" I fi 4 333 1 

^1^311 (J^'" Jl^Lj Cjl3ijLLL^ l4^ijLl1 Kj aLijjJl ^"1 Vi 1 in ,jl a tj ^ . ..^1 ^3 <vlt 
^3^£lj (J3^ .4_La 4-i^L^ 4JL>. 33 j1jJI 33^3 ClHpSC ^3^^Lll1 





Kj A <j \j^ 1 7t i Uj ^j^JL 

.4£^IjlJL1 ^j..>J1 (^Uj (jaiii Lo 4 (TT <n 

4_^Ij_C Cjljj 4^j^ a_:r ^ |^? ^L>> L^l .jIjlLI Cj^LaLjua . \ o*i 

. jIjlII O^^LsJ, (Ji4^“i<a '^3^3 5jj|^i>tllj 4Jl^ t <ij[^^La^ 

. (jj^ t In rt4 4 ljt4 CjIjIjus CjUj^^uSUVI ^rt"i n ^1 \K j i ^rt U 

t In rt4 3jJ rr a aUs (jl u-u-i-uJI uiJIjjJ irf^t"i t in 

4^LL3 ^ ^ OJL> (j) a ^ j ^ -V. JjbL:^ Ll i^.4j V i(jL>> ^1 ■<^~* 

# g« 

jl m a TT JJ 4jj ^ ^ t 4 ^<"ij 4jV lOj 4 “ I n 4 5jj) t^\ 

^j—lm\ 4—iJ 6>^ ijX^3 ^L^lli tUi^j tj\ ^i (_^j3_L>. 

tciUjL^ (iUj (jL^ i^~i aj ja La 4j^ ^ Cy^j *f\y-^^3 


1 jU i^lj 0j^ SjL^j tiiljjJI ((ijjL^w V lIiLai^ 

Silauod 4„tjta oljJjuiJ ^ACi 


^jj-j-4^ ^4J-S_J Niels Bohr ((j^j3-1^» l^LuJI l^I^JI hLjw 

(jjDl 4^j^ 4J oL_^ i^jJI J. J. Thomson ajJa ^ ^ 

ilJl^JJIj <^^Vi fOJu i4j Ijl^Lj (j^ ij (^jJi 

llILI^j I jjj-fljjj (J-«—JuJ J.~i i u in>L^ ^ ^^ Y ^L-C- (Jrt-~ill . jl^Lj 4JS1!j 

iJi3 J3J * . 4_4aIajiJI 4J 

iJi 4 jnili 4jj-Udj ;_^J^t (^jJl aJL^j laj-u^ 

03^^ (j! < ^ i-vj 5jjJI ^jl ^-Jiic. ^-uuLlll ^LjlII jjj ijL^ 

^_; ^ »**“* (J^ ijlj 4 ^SLj jlj, ~i aVI aJujL^ (^LojI l^ 

5^^£La (_yJlJJl ^jA cjIjju-uJI Jjistj .S^^j-^JLl 

L^ljJtjj JL>>1 V} 4.LiJLA 4i£L9>J ^ilu V La 3jj 1 1 ij-i -> 1 " 4 lj..V 1 

< Aj tuj CjIjIxJI ^jja 5^ ^ 1 ^ 4-1jjlI (J^ 4u a j In '> 1 JI taj—uaJlt 




^jlsUI^ISjUloo 


\jJt .4J-ljljo 4j£i:>J 4 rtl"iV a 1 UjU'w ^^IiJ 4dl*i'>ili 

i, i "»_> lLL^Ij ^4-^ ijLi ^L^l ^tjJI CjLjJIj (JJlC, Lo^ 'JJ 
^ 4-i£LJ t^^^-juaULl S si •" i^i L^b-uslj tjJJj jJt—iJ LcJj .4^jJ1 S Stl l_^ 
^LL^l 1 ^ oUs4 4 f^y3 J ill c1j.\ V"li uiiij ^3 - ^ ' J 1 V L>^ 

LaIJlj i 'hU ^a£LJI i4j (J1jJlji_uJ 

tM 

4 j^SLj Xi\ 4^1 1 ^LUJl ^ji rt “ < f 1 JJ-J 'UL9>-^' jrs'i iu nlj 

^jL^i 5jjJ 4 i lu ilLj 4U *4 Lo t n 4JJ .SjjJl jl^ S"i Mil 

jl J a fc. < tu >.lj i ^tnj (jl I aLoJ if Jj ( ^ ) 

4^jJJl 5^^ ^jV Ij-iiuj) . 4_^j_t^ 4 j^i j I (j-ujjjf OjL> 

^Llpujo u.5^ 4j^j4>LijjL!i 4JSLAi,1 ijl^ 

oljljJLI . I ig ' ^ <-Ji^-tJ I (J.U-4_I (J^_>• U^lj-SU I ^ '^J - 

^^3 6 4j^_jij i>jLA Lj!lJI_3i- I j* * * I ‘ t Lu^ . 4_j_3eJ-jl^j 

^^1^ La 4.jJje_ji L.S 1 pj ... -^ ^ J^LjlIlJLjj . t tl ... ^tl 

3^JJL1 LtStl t n 1^ t *^"TI 3^_B jj j 3 A ^1^1 

3j_dJl djL^ 3^polJJLl jL^j^l i F (r) = - Zc^/ r2 (_yA Qj|^_jS!J^l (_yl^ 
(Ji.|jJI ^1) oJj^ ,.-K 4l^j . V (r) = - Ze^/ r 

*u' Cy^ 2"^^ “ V2/r (^^-a jIj-* (_^ V ^j-i^ 

(i) mv^ = Ze^/r 

^^\ ....ill l^Lt^l 

(ii) E = mv2/2 +V(r)= - Ze‘/2r 


4^^_uiJl 


CO = V /r. 



pSJI 


uflj-jfcj A ^ y.uA 4 j <1^ CjA? lLIj-sc-IJI 4 j iJ^JU Lku * \ j • 

j^jll L 4 ^ jIj^ 4JU. . L = mr X V a^^UIL 

(^yk: i>L^Vl L t tjjJ^LLLa 4i2^^|j 

: LajIu^ iJ^Mujja 

(iv) L = mrv 

*E (V tT 4 Cjl^^j-imi ij^ 4 'y JojJLl 4 jijjVI Cj^jLitll ■ U .^ ~ 

(Jj-AjJ oLj-oSLJI 43^^Jt-fl 1 1 ’X Q.i CjI j 4 ^1 1 jjJLA f^ja Ll 11^1.^ |^1 . L j CO 

• j* t>® oLj-oSJI j^j L 


L^ Ze^ Z^me^ _ Z^me^ 

r=-— ; V =-; co =-; E = - -- 

Zme^ L L^ 2L^ 

L a , j 4 L JL^-Lj (ji jjJaJL 4 m MSLlI j^ 

. ^L^j V Uj juL-o 5 j^duj^ 

cr^ Cr^ c^J^ksKj SjiiiJl ajuh (2) 

^jrt r^rJ ji^ 4i.a-0-iut ^j.(ti <i“ilt i-L^ a jl> Ij , 

:^< 4 iJl tj-a 4x,ja- T La <lnrt4 JLxtj ^j| 

L = nil (3.6) 

n = ], 2, 3,.... oo 4-u^jIl 4 tjt mtl jla^Vi (JJUa 11 "* 

i^jVl ItjLA 3L» C an jjjJL 4»4 ^jJ,! a^^IjlII oIjIjlII 

A ^>-uJlj i jJaill iJu-aj CjI J a ^ jjSu (ji ill 4^jJI jl.t . Jj 5 . ...^T lj 

:C^ (JilL 5U^ ^LkJlj t^ljJI 

r=i:f (ii);v=Z(^ 


- );v 

.2 ^ " n fic 


Z“ { ) c Z^/ me"^ 

%=- 3 (^):E„--,( —)c; 


(3.7) 





(Bohr radius ^U^ l ^l^uU jjub w* j ij^ 

-8 , . ' ' ti^ 

*^c^lO — j •>■ "i iIIjH >10.53 (3B — 2 


me 

Ry ^ ^ jl—jii^ (Rydberg j)ju^l ^ j iU>ti 4-SLIaJi_j 
•cJj^ ijjLH^l 13.6 = IRy ;Ljjlc. .Ry = = e2/ 2aB 

' 1 , 

fine ^ ^ ‘ A. iii A .* 1 ti c. 4 _)Ij . ^ “• * 1__4 i_~jb — 0 ( IY ■ 

jjL-jJl)> L4iLc 4^ n ^ ^ usL.\\ -ijL-iJIj ( structure constant 

.principal quantum number 

(^yoSk-tl | jg^ ~XTyi A % jj_j ^jl juu (3) 

(jl (.^1^ (-7^1 Jl^I <1 I (I IJ 4j^ljJi CjIjIjJLI . Lj. i 'Te.^ 

Jr Jjl (jjU^SLjyi ((j^^..2j)) ( Lq.v If. (LqjlI^ 

|j_A cl»jL-5fcj LvOj-l£, . En^ JSf jljU4 E^ 4-SLL> 

:^LlaJl (3>^ 4l>aL>- COy L* iI 

ti (0.y = En - En' (3.8) 

y a rtj (j1 (j^ “i^TVi jj—^ Lr^3 * ^ I Vj ^ jj-J ij\ 

fi 

(^Ljl^VI i^*tja\ 3^^^Li3 14^\jl LiiLljb J)l 1 »f> *^Li_tIuVl cLiLt I >1 4_j.l <1 r 
Ij lL^L^uJI \ ..." (*‘.j ■ .(VI c-ul—>. 

I^J)" i 4t-C ^1 ^^ijULA LT^l y ^ji4*lll 

4_^LlaJI j3j-d jljUaV LaLcJ <L^L^ Ji^LuJI 4-^U0 (jt 


cii^L^JI)) LJlA n ''* oIjIjlI.1^ ^^^ 4d ^ ... 11 oVL>. 

L7^1 ' Jr ^ * Jjf C^l ^3 **“' '* ^ Ld-iio^ t.^i Ju^t^J U(.Aj 3". ni l 

j* ■"■" j)l V (n=l) <(<j..iIdjV| ^L>J1)) Lai 3" ■ -■* ^L>- 

3hti ^J1 '*■" tl ^ j 1 j -rt Aj ^"... A I • j ^ IjJj 



foSJI Uij iK 


4j lli] (^1 j-ji-iJl ^L>JI (.illj ^ J ^^' 

o^^.oZjlm^ ^ <Jh') (n ^ 1 ) CjVL>J1 ^ 

cljljjJt 4^Lua^yi i£[ajl^l.l i^jL^ 3htl ^Jl'a-'iH 

<, ilc.V' d .>> 3 4. Ju^ La djLa ^_yA 

. UjU-^ <LajJa^1 dJL^ ^d j . ..1 ■ ..^1 j <Ujl^jVI ^L>JI 

oL^jj ..Vdiij# .u cIijLl^VI 'LjL^ <Jt$^ ^ nL.* ^“L^ .>«»•:a1 

4-^j)Tf g 3jL!La cliVl^ lZjIj jJI j i ^ 4^1-C 

.fj^t ol^~< t u g ^ggj LgK cLiLl^I 

n (_^-J} n (j_g ^ rt rtTI 4 jl g r (_y—3 COy 1 m (jl 

^jSLl 4 I Tj-^l j! 4jLd^Vl 4^1 jJL 1 ^j-g 

. n — n ~ 1 n ;^l ji juA4j L^ j.^ gJl ^<uj ^L>J1 ^ .^t,a .\ 

JJijj^ jL La 

__n 

1_. 

n 


Z^ me"^ 


“y- 2ti3 


{ 


J_ 1 Z^ me"^ 2n - 1 
.2 / = 


(n-1)^ n— nhn-\f 


(3.9) 


^L^lj 2n ‘L. .,\ L_ «Lg.AdJ1 4^L^ n L)j^ Laj-i^. 

jjjj (jl (jjj (3.7) cjVjLjlII i^jja 4JiJL!lII ^jLaJLI . n4 

aJI jIjlJLI (j^ tj^jljlil JJij-oJl Lj^^— gj itiJ 

dTl Jul£. I n~< g i \ (^fi^ljLll 4 jV i g ^jt ^La) 

li.ii -1 g j)) di <^m! IX ^1 j. g IjlA ^.^~i xj ,(n 1 ^ t M-j*(^l JJulLI i£L11 

dj-gJLi-L^l i^oJl Ll lII * correspondence principle «j-JblLiJl 

J^J..L»ui > Iri j III-1 *ij^ .(|g.SLII) ^g_JLiljSL11 ^ ;jj 03J _ 

CjIjIjlJLI •^j "i 5"i La. iJr. ji^jl_p«JI 4Jlj !jL_i_ll l.‘v a ^ " ‘ 

* 

t-dj LiilJl L.g_alj—g j_y.4S[Ji (.d^LuJl g^^LLll i ^“1 giu ^jji 


. (J (^“lU ^j) (iM^I 



iJSjI^SJI 6j^I 


Sjja-aj 4 jl^ »I1 ^LUJl (3^1^ 1^I ^^L>.t 5jjJ ^jj 

^IjLivJ (jSLfll .(J^ ^LoGII i^jji ^ cjjj '*.7*^ V^ 

Sljj Lr^ UJL>^^V^ LiLaLjG JlGJ . ^ i n\ CjLsu^u^JJI JL>>I 

(J-Sj (Jj-^ "«j (jj^"i^ 5lj-tJi tjl ^ ^ j ^ '^Tlj . 4~ I“i a 

m "XIVI 4li^ ^Ijl_lG.uLj ^t-si... < 1 j 11 “^V 1 IjLib jlS-3-* -‘“ '"■ ^ 

rduced mass m/ (1 + m / «4jjJLjiJLl 5h<t\ >.> 4_SjLlJ1 cjVjLjl!L1 
4,i.i.iiI jl>> tVI < 111 ^ m ^ 4i^ N'T i\1) 

i,^ ‘^ iIL>. m/M 

IJ.^ 4_i_uLi.uj>> 03^^ O^ 4_:^jJl! ^jJl 4 ^Lc. j j~ •* ^GlJuJI (3^ 

- tt "*•' 11 

jL^^yi JuLJ 4la ^ isti.\^ 3jj) i.^ ) 4j^j£xij jj*" 

j 

• LoJlB <*‘4i.x»jJ1 3^'-^ 3* ^] a^j.u^\.jui <L3ua->^ ^jJl 

4j^IjlII j ^ cjIjIlJlII j. 3~^ tJo^^-JiiJ 1 4.*~ ^I^LaVL) (jl-^ 

^ j j3^ ^ ^ 1 "‘ J tJliVl l1i 1^ _^LJ Lj iVl 4-1^1 :%. 1 S^j-I 


Ol 






,UJI 


cjljjJ jL-iG-ftGlI 4 _^Ij 1£L^1JjjlJI 1 4j^-i-i-uJJI 

.^.3_i d3j^.Ju]l cIjLu.4-ju tr< jlGJ S 1„vSLa^ tCjUj^^JiSLlVl 3jujl^ 

' nj ^ (JUJJ) <l\-0 |:kjLGj 3d>^^ .“VI ^JJa JJlC. 1j£L^ 

jJ^jl ^^SLoj tJLjJLI 3 j .‘ **> 'U33 ~iS[1Vi Sjjj 3 ^* ~j 


SjjJl ^ 4 j ^'juyi cjIjIjlII 4JL^ t ^ Arnold Sommerfeld 

^ iU.2 3 ^ I L^ Lr^! il 3*-^ '»■ 

1 4 ^ ^ (jl^jjLJC_4 b J a j-i-l-aVlj ^Jjjj ^11 ^ ^ ^ « (jl ^_JU3jl 

I t4^lj 4^^i’l . b/a = Hj (n^ ~f ^2^ ^^LaJLi tj* j ■ ■ 

. n = Hj ~l~ xx^ I i4jj^IjJI »" a j 1 1 ^ n cjVjLji^ ^l. i 4 ^i_^ 3 JI 

4jf A) CjI^*) ~t Mil degeneracy 4_:^l_ftJL1 aJ^Jb 2j' t 



«VLftj\5ll» pSJI 


JLjJlaJI 1^11 |<u n I iij^jJl JJJtii 4 Ij t ^ 4 ^ d_y<. I]1_J 

JJjlII ^ ^ j ^ 4 Ah^U 4_iJ«ialj^Vt cljljljJll 

<^Ij oj^ tjuk (Jj-* '^2 ^1 j-*- (jjjjLc. n 

. HtiiJ Jl^Jl n aSUI Lr^l LaJ^^ 


^ 3jaJ_C. lZjIjjJI 4_^Lju.<a ^Jl.3JJI ^ 

^(J.uLl^^1 CjjIj Cj1.jj^.j^Ij CjIjJlU 3jji^m 4^L^jl iJli 

4 1 in A C^jLm L>^ ^^u^Ju^ jLd^ » a, CajI^ 

t"." rJi 4 ■»- it,l cIjL^I^JI j- 1^^ . 4j “XTl 4* w.i ^ t-^.»1 ^ cjI^jlII (_d jl^ 


4_dUaJi f^jju.Aj 4 J TlSLIVI (jl *i-Lfc a ^ Cy^ "CtVI 

IV 1 a ,^j£. ^1—i^LL^I JuLc. L^f .4 jji ^ ill 4__dLlaJtj 4 1 ~ iVl 

^Llaj cjljj[^> 2 SLjyi (jlii SjjJl uy*^ threshold 


i ^**]L>. 3j.!Ll1 1 a.iLif., 4 1 ■■..~C11 cLilLLaJi 3£>^ (1>^ 4-^LlaJI . i rt 4 

t ^ A \1 .^"Tl ^l_i_ui, j^LLa 4^1 ljL& J- .4-^i^l jJl 

Jl3j (jrA^ " I ti a *4 |aliaJ (jJj ^Uo da^LiuJl 

LqJu^. ^ j tt uall iJlil t i )1 4 U>-^V j ^ . ■■ ^“tl t Jub JL^Lj 

*^^1JLuV1 IJljI^. a.1 U\l!l 


((3juJl^i) ^4^ Ct^ 4_^l^1 4 4. .. 1 '%.!! Aj U.TI 

jIjl^I ^Lui Louis de Broglie (j^^') Lboit^l 

(JiLa ol j BjLalJ tJjSj ^jl ^ 4 i ) ^YT ^Lc. J 4JiJLujj 

t 4 i .^."Xl LaL^ La 4 A 

jU*! II <"i^^ lm] jJL^j * 4 j < 11 jUl 3 - 4 -U 4^ j. » 



^1 Sj^l 


^ * 

i(jO_JiLljV i a 1 U*<^ , d ... i^ jj^ * * 4^LjlJi 

‘^i ^Vlj .p = 2 Tcti / d ^ ^ K clIjIs ^Ljl_uV 

p 4^j-so jijLd^ i^j^ljJ! cjIjIjlo jl>.I ^_^ TT~^ Ujij-jSLJJ 

cdLLA .(^J^ljjl j1jL^4-li 4_^^^-_>Jl CajIj ^ d J ^i M1 ^J_A 


1 ^ 4j^ JL-^ IIiSLa *4 i -X1 1 ^ d dLs^^ La jj) i^'\ 

(Ji^ (Jj-LJIj iJ}j. tt’iTI 4 j 4 ^ 4j1 ij^j " ^ * tjt JS • 11 

jjLiJl jj.i fll I j. 1 m 4 itillji^ Liilj .(jjjj^lj ^jjijjSLjyi 1^ JSU ^Lsriir 

i(_y;xjJLl (J^jJaJl lLUjJ jJl jl jJLi 4—4^^^_4 U1 i jjl 4—jJj) ri t II 

ijub ^ji ;J^Ln n 4 TT j■» i~<i ^^ 1 A .t^j 1 iljujL^o^ 

pr . pr = n ti 4SM«JI ^ (>«j ‘.Im = nX = 2nti / p i3>L»JI 
.L i^jIjUI t£j^>-a-xll 4 j 4^ ^_yA OJ^ 4j^ljJI 4-Jj_>Jl ^Lx 

IjUb ~ nh ^■h 4JSL!I f~ i III CjLjudl^JLd^l <L j.,itL.aJl 

tflj^J^^jJl ^Lluj 4.2^1^L i^jJI * ili ijf i^jJ IX-LWli (J.4JtJl 

LAJL£.i ^^\ 





' ^ ** j ^ ^ 4 _^^^-i-u (4-!L}Jl->JI ^4^111 

t<Lj| j JjVl (Ji/^ a\ \ <L-j—(-yJJLj tUrt (J-*4^ 
.LiiUjfe Sjjl^l iljljL>-SU 4 UjiitL Li^f 
^\ K-ZiK ..4 oL^L^f ^ ^YA 

4_jt ^^ . LaLo-i Cj^-dju-ut L^Lij 
4 j ^1 •}€} 4-4jj (J^t J—^ J_t ij I \ ^Y'\ 

jjjXaj Jo^lj ^jJI J j ... 3"ti oLIjlj 

(^i'» 1 I djl^L^f Cj^L:^j (l_Ajud 

Lq Lt^Lu^l 

. |4JLaU 4^liLaj 


t " Ml j^JJIj \j£.^ (PJlj 

...y^ti 1 aLjj. 3ti 
cjIjLiSL!I ^ i I ..V C ^J^Ltlu pj-lUs 



If C -j il5 L j.ll jji ^j-Ja LT^ 
Li:^Li:^ij a X. ... ^<u 

^|_yC. ^jlj, t ■»■ M 4 ^ 

VI ^1^1 

Ij jijl A ^yy^j l^ IiI ^i 

I ‘ ^ « LaJ (jJA—j.) I ^ J ^ 

. 4^^jLd V Laj 4ldjjua 



i^jl95Jl^f6jlllc>e 


Lo ^ .cj^Lsb^j L“ii 4u_-^ :AoSLj^LIjjJI 

4 j^j a\ i j, \ M ^ ^ .^Tlj tfrl i>fc all (J^ JLzwj j 4 Jl—:^! LaIj 

V^i j-jlIc-I ^ ^jljj-Lajj Lq-^i \ ^ jKl 

^ p 1 J ^ 1 V 4_jJa^ ^ J ^.. -^ d .aJU\ i a 

La 1 jljJl.>oj — dJa^J i^\ (_yj3 4^jia_ll,l dJL^ 4 j^j .aLjjJl iJL>Jl 

^ ^ d U. t LaLdJ ^ ^ **■ “" — d L-^ni tillj L^-l£- dj 

‘ ^ '*•" ^I 4.jy4^ <JLa i I ^l^dSl! 4 11 ti 11L_^ * Cj 1 a j i.n'^J I lLI^ ‘^"<11 4^»£j 

11 jlSLa>j /dajLil,! 4 ^LLj t d AjU> I ^It i~ii ... '^n 

4_^V! ^L>J1 jjLscJiJ IjL^j . “y- “tl 4 j 

4 '^"i a CjL^j^ cLi^Ljj 4 ■^"i a 4j^^jl£ CjL^j-d dU. ..Ij * 

^4j^^->.) d-iiMJta CjLkjJ 6 N jl tijN-uLu-a 6 N |^_^d-:^ll ^ 6 iL£jj.j>«j 4-j.-c^ 

j^LJj ^ ji"iTI La!. , 3 llaj L^ degrees of freedom 

J^£LcJ 4L^ dJo^J ^1 d ajt • A ^L->Jl CjjL^ Ijj ddLj ^_^ai=k_dJ i^IlJI 

4.jJ^^I <*‘>1 L-^ni d-1 j*wj 4_dJ^laj L^JuJL»o 

^1^ ^Q-unj 4 _jl^ ^-4jLj LC j . (^VL>JLl d Aj L i :fl 

^ ^L^l ^ ^ 4-1^1 dJLA dJlLa I d 1 " a U.3^ 

^Ijl^ JljJl^o jJt Lut ^_^.£L-aLijjJl l3JL^1j '-j Li iallj 

^Iju^ ‘^"'i ^ jL_3c_iV ^ jL jtl IjLift . r 

dt A cLuL^ V Ij-Luj . i ..^tl d AJ^LiA p J ■ 

3^^^LLa dJjk^JLa 4 __ijL^ V i-LILLa oi-^ ^L^J d ■ ...*Tl t ^ISLXI 

iJiLa (4^^^^ dj 1 j>»1 a\ cjVjLl^ (Jl^LLI oLiSL^Lljj p£[jte^ t^L^jjJ 

jji -rii d t ... . d j ... jUl«« ajj ^Lj>> (3^3—‘■^^L^ cZjVjI a-^ 

L^L^ ^j1 4_^L^1 <^Laj)!n}l,l f^j-a t n _iH it a^ !l 

CjVLpJLl d U>, ,.lj I dL'^T LaLcJ ^JLscJij 4-ajL (I,I U^ * 1^ ^ 



ill Lxjul bill 


clilj liJLljb i A a1~ CjLoj^LJ,I j 

cjVL>iJII ^jjl^«-1j \S^“ 4.^KL1I (Jil^ .5 ^ ^ _a 

d A .>>1 "i tl l"iV\ 1 al^l 1_d ^ ^1_>JI t". ^ 


4jfdjJI CjUca^bUI ^jd'^ SJ-L'^J 4_dj^J::u L^jji^o 4.^i^Jl 

^1 t*~<j,l 'kII LLua—(j 1 .i »1 t<jV 1 J^JLLi 

1 Jub ‘—a j ^ j a 1 A a t"<lj. j i" CjI^jI (^^-iJI ^dSLlI 

Cjl-jojlald ^jLj (It ^d£L!l LT^ 4^LlJI 41 jla!l -^tlj j^Tl 

4-lc 1 ^ 1 1_4 J '"*“ i4^^ j^fcuj V (^Ld ■ 11.II “"fc- 

4^^j ludjjsfclil 4_ud£j i^jubjJLi (JlLd BjuLcuJI 4^L^^A]1 CjL^dSLII ^ ' “N^ 

olj—jji-ll 4J!i_d! t"tl j 4 ^!! aJ^ j ■" •"ji . ^ '**j J ^ J (4^LL3JI^ ijj;^l^l L^j- ■»■ "tl 

\M 

4JjLdJI 4.jLJdSiJI ^Li ^j^5kd.ui^!VtSi-!l ^1lj.uuJI (VcLri3.l3lcs 

JLusjJl jl ^Sil 4A£iLa^ 4 ^la^ 3.11 obsCrV^blC 4 H 

4 J d^ll i >K jUj 4 ^_..\L^I I^J A^jJ>l ^1 ^J-A . 1,1 I U **•■ J ^ 

\j u ^ £jl * Al~ ^ a (jt Vj . lIjLj- 4^1 (J lid ^ (jljJL5e_^ 

I JlJj . dSLSj^JLja 4J Lc^ 4Ji-aj t d 11 i^ dj LdJ jU^ij 1 d 

:^^JLdJ,l^ I^Ju^.dlJl ^d-i_uL^ Lr^ .>>d 

N ^^^SLd 4 AjU>iA jjL.s«J(j i^d^UI ^ ^j AC^ A ^ lx t (0 

t ^ 4^^^ ^iju 4jaj>J ^1 LqLj IjjJL^O 1 

[ w. Ti 4_^ji,l ^IjJLd . fj ,...., Tjs^ ‘“A^ y^.A ^ jJlC. 


5, \ 4.^^^ ^LJlj (jJLlib (j| ^ i4j 4_l^L^1 4j t ii'^ JSJ ^ 4 

L.,^ ^ T ~ ^aH djujLC, jJ 1 J d~*~ ^ 4^jiaJ.dll 

4 A1 cjLd-uui^^Ji jjuu 



1^1 6jSJI qo 


4Jji L^] 


i \ 


^A 4 l '^jJLl iJljJl JJ UT) (^) 


^Ijl^ 4-^ g_)jua ^1 jJl CajI^ I j] 1-^ jLtol^Lj 1 jg 

<U_lal1!Ij Si.lj’wj 4_dJ^,Lu SjJLstjs t4Ja^ CjI^^^iajjq 

^'>-iLk .^tl V *« ju 1 IjLX. 1 ^ (Ih^J 4 jiajJI 

. J-iL^ij wave function iJb)) j state «4Jbi.)) 

'i"j ^Jt Laj SLa 4^j.^‘^t ^ 4:^^! ^Ij IjLa Lai 

t-»l...1 j sit J-loL^I (jL*^ Ll) (Jj-^ IjLoj 

La ljubj A 3 jljJl£. < /*<^ La. \ ^ 1 4 41^ i <iVl djjt 

IjlA LlaJLaj 1 aK JuJufu ^jusljltj 4^ 1 cA^xai 


;^jLll ^ iS-^ LjI-^ ^IjJI 3 a CjLIjLJ VjI JUU LIaj 

^1_I_ui^l ^1_>• LiLl_3 j 




^Lu 


4 j ^jJLl 4 t j 1UU CjjL^j . 3 Ml CjI j 3 jLLI t »^ ^^Ti ^ i • ^Ctl 

^ i^LaaI lTiI j't^ 3jl£. Juu LLir ^d^^^ JA B^Loi-i 

((C. J. Davison ■ ■■ 5 ^11 ^Laj tSiAj.-H'^U 

G. P. «Lj mi-a^Iq»j 5jL_3e—jJLl oL^^I (_j—^ L. H. Germer x 

J-Il 4 ^1 alSLo LJA (^PiALu t— iiJ . I J ~<l^l ^ Thomson 


4_l 


^ ^ ‘ (jr^ 3“^^ Lr^ ^ LdJj I us ^ 4-l-LAiLl-tiVl 

JSLi 1 j ^ jit'i 5jj_^_iil two-slit experiment JAJI 

^ A • V 4jjL>o ^ ^ AY^ - ^ VVT^ Thomas Young ^ 3 -j t_gj-_iL*»o^l ^LjlII j ■“■ * (*) 

(ji ,j.u.4.iiJI «J ^jud-d . ^ i*»j.->>il oL>-jXi jj l.^_Ld ^Uddji ^ A * Vj 

cdJJ^^ 0^ ^ ^ J) ~.a j J i^Ia. ‘ ■ -•'■ ^ 3j_dLj ,3lt a L. I a~ 

^ ■ ■■" JjLiJJLi 5 ,>»A LijSLa interference pattern ^A. 

t «gIju> 1 in a 4j o^lji jL^j - 1 ^*«^ A.ii (_pi—^ L 7 ~^ fringes ^•^I.laVI oL.t ^il 

. 'J .>^11 (_^->3>Li (Jj^ ‘ ■ ■ "'* ' (jl ^Li '*^J' "■^~ i-^3 o_il j-^S/i 








CjI oj III "w '>‘ill i i C\j3 (4.1) 

j- CjI j| JL^ ■ “I ■ ■■ ^ U^l ^ CjL j^i “Xtyi 1 A .~.K tl , A. -I if. 

(jL^-u 4 j f^L>> B JlI^. . U> . tl I ' -tl 4 -C.jj.ja 




Ijj I j^ ^ 1 03 ^ 1 <t ij 1 2 4-3cC_A]I ^L>> (Jj! j i" r 1 

t L-k^ .» djL^ 1^ ^ A jJLo^JLI ^ ‘ * 11 tVI A 

3^ Lo^ LaL 4 J i (kjJj^ j J CjIjI JL£. CjIjLu^I 

^^3^1 ‘ 3 Jji 1 r. CjIjjI^ Jj y ‘ ■" juu * (J ‘ n-^Jl j3 tl 

3 ^'^ ^ CilxA C>^ t -^1 iH^ll Lr^ ^ ^.^13311 kJljL^ (^JJulII 

L« 1^3-) ^03-^^ il I la'w^Aj 1 a J ir i n^ASLlI jUoyi i 4 -Ju AjJl 

oU3>iSJ)/l ^jumujuuuI 1-4^3 *0 i^ici ^3 nil I I ■ ".‘^^ 1^ ■... i / jtl t,t^ ft * mII Juu i.,a^ii 
k-U^LlJI ^SLII 1^3^! j-^tj ^ 3.4 SjLLI 

3juxlj ^j.a ^ 3 ^ Ljo CiULijtjl (^ 30)1 alxJt (ijJL>ij L 4 JJ 3 i(JjL>iJl ^j-a 

. 4 ^j/***!... A 4 jL->-^ I 31 ■ “ ^ ^ I 



J-sJI (JJLjkpa L^^j3J I aA P2 3 P ] tji t < *>i‘iU . ^3.^1 4^3.90 : ( 4 . 1 ) 

✓ 

Pj2 ^‘"*"^'*-3“ ^^ 2 3^X113I 1 3^1 03^ LaJll^ C fJjl^iJt 

. 3 jtf ftiTI ^ 03^ L»uU£ 






r. i X 4 JIjulII (JjLt-A PI (x) 

'» " 1 H JL^J 2 ^J_t!lJl ^^ 1 ^ 1 * ^J)" I 1 3 '^' o^ 

tjl**- (j'Uuj,^^^ 1J i T I >0 . P 2 (x) 

Lbji ijf.l ct^ 1 L^j^j ( (4.1) J£Luf ^^y3 

O-^ LikjLiujtj 1 (JlLa tfjljl 3 ^ 

. I. i£[ Aj i3-^^ jjLi.^1 

^^ T J>-^ O^'j ^ i-tA c^! 

j—A P 12 (x) 3 ^^ 0 ^ u * ‘ct^^ _j—(jj^iSLll jj_loJJLl i^j~A .(jii-taJI 

f 

frj pn 3 ^ ^ i<-djj 3 ^ *Pj 2 (^) ~ ^1 ^2 ■|*'<^ Jjl^L>. 

j| Vj JL>.! (J^l^ J-OJ 3^ OjV oJLP^I cj^ j! 

J^^\ UuL^ ^ (4.1) JS-i L; 3 -waj P |2 (x) 

^aI jj)ii.mr(ti 4 ,i,mU i^jJoXl 4 K .^. 1.4^ , ^341 3 *udL>. 

^1 1a A I \ ^ OJ> 4^ ^^.lll ^o 111 jJjL 4.^ 4j] t*‘ij >- *4 V 

^L^JI ‘ *'' * 3 ^ ‘ “ * ^ * ^ ‘^ ‘ * ^ ^.I i* ^ ^ ^ * -"‘I ‘*‘‘ *«* 

< Ijuc ^i 2 3 'A]I jl 1 3 -^^ p^oiaJI 3 ^ 

oL^jJLi 3 ^ ‘^jj > 3 ^^^ cJ^ L7^ 4 j ... jUl* • ^ C 

^... jUi *1 Aj^ ^ C . 1 -*^* ^LIjV 3 ^ 2 3 ^^^j 1 3 ^' ( 1 )-^ 

^_^iii 3 ^ 3 -^ ^ 3 -^ (J^ t aI ^ ' .j ■^" - ■■». ^} 2 (^) J;d33^ 

3^3^3^ ^2 -3 ^1 tl)^^ ^ ^^-^3- H ^ ui ll 

33 ^ Pj ojA t(_^lj_ill Ic. 2^1 3 ^- 2 -*^^ lh® cjLzw^^jttU 3 V' 


3 I jlj^ i.c t.l\j^V . ^^1 ^ ^12 ^2 t* ^2 ^ 1 t* ^ 


_l_u(_0_A 


lio « M ul Tf 4 


ilj P2 *-^^3 P j (^3^' '• * ^] 2 
* ^2 ^1 



CtLuuiLuil 


<bl 4 a£. j-It 4 mifllj IjLiw IjlA 

L-i'fcj 1 uili 'JLI • ‘ 

3-*^ (JM—^ j-^ C jLi£. 1^^" I n 11 

->^ fl-jjj-a frLijI (J^ jLola-i-ial JjUtj Ll£.^ i\jJb *tU5^ JL>.3 

jj^ “All ^1 JuJlmj ^ ^' Lt^ ^ 3 -^ LdJj^ i^j-^ 3 Mill 1^1 


O): 


Ld 


tjl rt Mill 1 V If . i ^ 3jLd^l fjJi ijjj ^ ^ L^ J 

(_^jJl 3^iJl (j 11^ * ill e-j tj( (_yjjt-4J tjjfc-lj tjl 

“Xtyi ^j-Ll -i‘ ■ ■■ ^ . IjlA i^Jl^ 1 jl . jiJI^-3^1 4J5L_>. 

3-*^l l£L1jj i Pj W O^Ji^ ^ 3"^^ 

3_iiJI j ^<tj V ‘ ^2 03^'i ~‘*' ^ 

Ju>. 1-IA V . P 2 + P| > 3-t^L>- — lJ|£^_jljJ 1 « im "fc. - 5jji^—liaJL 3^^ 

jlSLaVL . 2 Li^)..jb.^I (jji JijLjl!! La Jl->. j-J-^ jJaiJl o! 

(jJaXJ chjjJi^ Li 1-4.U A 4-^j_uaJ1 CjL^^Ij jjIj (J-^ III 3^ jLlj-cI 

La 3^1 IJl^ 3*-^ 3JlLu 33 "' ^ * L^-J Ijl-^ *j1jlXI i_)1j.LjU3V1 

.3^LLdV 1 ^ ‘U^_d_1 t jljJlIx. 3jL>LiiJVl 3 I ^1 ■ 3^ 

3^ - I ^"<251) ^ cjLj^jSlij - cjLjL^I 3^ 4 ^ 3tl 4 k <nllLj 

ijLaJi^L 3 jLo V L 1 'itT' ^^jljJlI!) ^ t' 4i£LL P j2 ^3^^^ 

3_^S!j 3ji>^^y^ 3l-^ luiUj 1 1 jjj i3jLH^^^ 3^' iJ-j^ Lj 

j?j j ,hri |aJ LI 3^ .3 jL>JI 35L>- j-oj LojLix. 3^3full 3^ I 4 3 j3 ->>11 

4jajjJaj c^j—uu Jl-3 3^ 3^ La—^ t_Sj_L^-jj 4-jLd ^3 Jl^ L^ ^T '" 

3jLj-Lt II ^ "^-^l l^jLsuJI jjby^ 3^ 3-^^ t*t3 lu^ jl^ 

oL Cj\ g j< II '^llj CjLjjji^^-jSJVI 3^ (CjIjo^ Lr^ 

A I j .. / t i i^ ^ A I ^ ' I ^**1 I I i ^ ^ 1^ I . ^ T l A I 1.1 I Li I • ^ 3 ^ ^ I ^ j **» I 3 ^ I 



uSjIsUl^fSjUloA 


t MiVI 4 j^j-L1 ^IjJLj L^L^ j ■ *j’<^ ^jUI cjI 

4 . < .M ,>l£Ji ol J M. yl\ 

^j) III <11 4.-^l t Mi^l d^LI^I |=^>^ L7^ *4 j 0 j III 1 (3"ij i^L^ 

((cjL 2ia.2id»' ■ "< ‘ .T.tjC tl iclUju Vi '^~'j • cj*" .^.i tV 

Si V Mill 4_u^AieJ^ S^LudJ ^>LvV~iiiil Ju^ O^J '^ 4j^L^ 

: lIjL c-J-L.u.^eJJ 4_j.uiJJLt L 4 L 4 -) J ". A. |_4 ljubj .i\ JU£. jJLjl^^I 

. 4.^^^^ — p I . ..-^ 4_ijLjj 


tp^JI lSl^i ^j 4J { 3 ^*~*J Lu^ 4 j^ 

^jUI I uV 4jLdl£lll1 SjjjLijI 

JLJ^^ ^ ^ pj ■ 4JL>« Li£ 1^ tLiUj V ^ ■ 4^ .1 .ii .j^Vl 

S" ^1 (^JLH l 5-^ ^^ (jr^ ^ ^ ^ 

.pj^u'yU L-,i3i.i JL^l Ls JLqo^Ij 

1 —Q_^ I—aLoj) (jlolj—j-Ja I ul^VW J'^ (jL-^ .4 jIjl_JI 

(jSJ .4Ja->J ^1 ^^JL-Se-A '* 11 4 j o 1 i pj m ^ 11 ijl ((^^J 

(JL^ ^^‘ "'j.* ^ Cr^j 4S^j^ ^L) SjjJU^I Sj^LSJI 

Sjj-u^ ljjj[^ j-jc-Jt cjL^3^ ‘“'*J ^L>.J ^^Lu3_SJI^ ^ 

tjlj-LaxIoVl t4Jiij>J ^1 Ju£. (jiJL-a ljjLSJL^ — 4 <1 a 

4.^^^ cjl^k^Lc.' ‘ii^ 1 ^ ju^ . jJI ^jb ^ j■ - *i 

^1 1j_4li^jij '4 j ... iijjti <"<1 i iij 4 _jS^j_uiM^I pj '■■ -^1 j ^i 'j ^ 

4llll^ * pj-ijj.^ L 4 4j^j_S^ ill (x, y, z) i,j 4 '“* i^ljJ 4 _iiIS ^jLcq 
: Sjja^l iV (x, y, z) I tiJ^jtjjaj E Sjjl>iU 4 S^L^j m 



CfLuiiLiil 


f d2u d2u d2u \ ^ 

-i -+ -+ - f + Vu = Eu ( 4 . 1 ) 

2m dx2 dy2 dz2 

K. ^ tl ^JJt ^ 3 Jl£.LuJL 

E j <L 3 l-la V j ^ j 11 4 _ilL^I K i + V = E 
t-ii S ~ .^.tl ^ ^ Vt jjJL.>Jl jl 1 * cl i( 4 . 1 ) . 4 j K !1 

U ^IjJI ^LLaJ 3^J;bLLa Lo Bjjjloj I-^jI 4_ijIzJI (Cj^I-uoL^^I) 

CjL^^LsJI _I L-k^^—j-u . 3 jI iZj-t-iL^j -pj ^IjJl fjyA Jlju 

. ( 4 . 1 ) SJjLlIIj j.Mjjjuitj (Ja^ IliLa >US*^ jj (jVl l ^3 * 


^Jl^J 03 ^ ^ * jg a 1 it Li id a j '■.^i ^tl 

^ 4U ^IjJI ^jl VI .E j-j-jaljLJ^ 4 4 j hill L^j^jLAJ *(J^1 ^ ^jLaXI 

(jl JLaJa (^cj_L-u JjIjl" t Juu ^ * liAA 

.well-behaved (>ui^i ciJ>LJI cj|j u J^UJI dih VJ V 4 .,t j,..lL!I 

iZ , y , X (ajJL^e^) 3jU_a^ U (jl (j ' -^I ci)ji_i_uJLj)) i ■ ^ 

1 t>>ji 03 ^ (jl^ i^L^j V La ^] C 3 l^j,t"ll aJL^ ^j.^ (^t CiJT LgK 3, uSa^ 
IJub * f -1 ^3Tt 4ln3i 11 ic. Jj'vj c-aa^AJ L^ (jcj^ *4 aj3lI 

3jj ^ ^ ^Lj>. ^JS 4_?e_^i_3JJI OjI_^ “ »j 111 (j.j.u_^1 ^^j_a ^ 3 -i-ll 

a <j ■ ^ ijiiLSiLLa ^Lijb E <c 0 (3L1^ 4 jI V = — Ze /r ^jij ^ j d^^ 


a 4 yi 3 Ti ^^SLIt t ^ ^ t"iLal l^ II ^j ^ 3 _t - a 4 ... a 

oLitUaJI j^ja'v (jl^ E > 0 jltnill Lai j-a I, Lj-k (J-ajj (_y^l3 J34 


. jLj^Ha A^L^JI t t ^^3 i^LtLa 


cIjI j ^^Ia-o^ ^j^» i_i! ^Llu ^ja AoILL^j Laj (4. 1 ) ^jIaJLI ^I Jjjlj 
Jilaj * energy eigenvalue equation aaiun ( 
energy i_silalj (s_)_^l) 4_pljdl JljjJI u ...ii 5: ,„ ^ 

(53_j_*J,l) 4^1 jJI (4,^1 SjJimi cjLfllkJI o>^j ‘ eigenfunctions 





aj^ jj-iJl Ln,,energy eigenvalues a^llaU 

4 j:^L>. uLILLA I*.... t£ pj ■ •• ^ ^J j j iiri 

i^LLaJI (-dJj^ ) 3 ^jL 3 fc^ pj... ^\\ llU!^ 

[jL^ a ^ is I . ...]\ . 4 £.jjjq <4 4 j^wllll 

l£l^Kj A 4 A 1 j LqI l^lfj I 4 ^ t 4 J-L^L>. ^Ij i <1 '^11 

(jl fjj^ tSjJ '*■ A 4 ^L^ 4 J ^1 ^^1 "t ir \ V III -^tl (jl^ ^a£L!l 

4 ^ 1 ^ < u ^11 (jl I ^ j 4 Tf-j 4 .x^L^ 4 JL>- j. ^ 1 i) ( 4.1 ) ^jL*J,l 

SJjLstil (_}i-JU V (jf JS '"* * 4Ji:%.^ULlj ,5jJL5e-<a 

4 _^_^_ 4 SL 11 1 t j il*> 1 j. j ^*<"1 frl j fliVl ^jl *( 4 . 1 ) 

I ^ a I JlcI Ml a U 3^ j I,I ^IjJI . »ij) t II Tl 4 I 

. jLr«£, VI J^ ^xuu-uscii 4x1«311 4,^^l ^IjJi i.-ji.j^i.^ La^ja£. 4 j^J^ 

4_a1_lIoVLj (j-aj-JI ,A ,.1„,*J (X, y, Z, t) 4-_i_jKjJt,l SJljJi ciLlj ^jl 

.(^L^l) ol^l ^ UjUi^I 


^jil ^ijJI t- ~iJ 


jH 1 d J^1 l 3~^^ (jr^^ 1JLI aJL^ 

: V t (_y^ *>■“ a ^j (ti'^T ^ 4jlt3^ 


1,2 32 ^j; 32 ^ 32 ^ 


{ 


+ 


2 m 3x 
Schroedinger 


+ ^ 5 - } + Vvp = ill 




( 4 . 2 ) 


dy^ az^ a t 

M ^jLaJLl aJub 

'»' ^1 ' 1 ^*“■ ^-30- ^ ^t (J1-3 j (j i*a cdLiib iecjjuation 

(jl “r 1 ^ . 4 jif ^L^VI j 1 HI i (4.1) iJjLJI 

a i xaII 4_^jJLI 4_ILj^^Iaxj 4 jJL-%JL-l^I JlIi 4 ^jJLi 

^Li ' '■! * ■■ ^ ((Jts^ Lu) t_/11^*1 ^ I A \ • cZjI ^ j «II'^11 

j ^ 3 I ^ ix.\lCJl il^j ji 4 j? t ^jn^t j ^1 <■ 1 ^j 4_^ljj] 



CfLyutfLuil 


d I m 'J L1 Ajl A AC oI j il 1 LlUj • JjJ—'Ttt A 

t4 i u 4j^j il5fcj.-a cZjV^Ljl^ 4\'» ) (4j^ t(_^jljtJI llLLkJ 

4_^L^_i^Lt^l <JllLsc-J-joJUiI 4-t-lljLq-l ^ 




^ Iju^ 4 jjJ^l1II ^ 

^ j-^:^Jjj^_ii 4jjl t a ^jV i4JjkjL^ tlxjL^ citll jJ j V ~t H 

f^\ i4_a^jJLl ^IjJI t ( 11 iij (jl (3^ LAji i'll ^ d^JT ‘"“ 

L>^ ^ (3^^ lO 5J(. ^ SJl ^1 ^ ^ ‘ t' Laj. ^i ... Alt ^Ljuaj^l 

cjjI^ ji) j"^-^jL>^ ^jLt 

t>aLlil (_^Lj3-_i_-iJl J-Jj—> ^ ^ ^ (J—Ij 

. 111] I 1 

: i^Liu oLla>.>UI JLJ)/ (4.2) SUjUJLI o^' 

t— 1 JJutil jJ l^I J-Aj I i ^IjVitI JJulII ^i^lSj ( 1 ) 

LlAj .4..^^^ O^' ^^ * " “‘ *0 O^ JuV LIjI 11j IjlAj 

\M ^ 

1 LIjIj I JJlc; jI ^t J lIxjL^ * S 4j 4^ (^1 ^Lj j-^ju 

gj. tii-p. * g = gj. + gj UaJjxI :(>jfj^ 

^Lj L-iisji . 4_dj.ju3 4_jlj.^fcj ^ j ^ Igj 4 ^Lj-2_j_4j>. gj j 

L^J ‘ g A-w^ complex conjugate 4i-flljJLI a^jII 4j4<ti 

absolute square j luti j^i ^jj-^ . g* = gj.- i gj ^ . g* Ij_SL* 

• g*g = gr^ + gi^ g 

.solution Su. oL^ ljl r^^LUl . a .U^ (4.2) iJjLJLl (2) 

IjJ t^C^I 5jj) . ^jl j"< 'wj C.ijIj a ***4^ '»■ (LiUjL^^ A^^ (jUa 

W = A1 ^^1 + A2 ^^2 4 ?■ "J1 ol-a W2 j ^1 

^I^Ij A2 j A1 iSt \l«^n Luajf 





4 rt 1 <^I 4 <Uii 4 J.4-1—liu W 4jjl_*JLl ^jl LcJ (3) 
z , y , X o11 4j!ji^ ijo^Lus ojI£^ Ijj W (jlj 4 ifjiitL 

OlioA-lJl dJjLjSbA ^ 4 Ja^>J (^I jLi^ 

. LoLoj 4j 4~‘». ^0^1 l£[^lfvja ^ 4 

d t\->^\l A LIjI^L^L (j£Ll L ^jLl^ 4^113 j^IjLj ^4*^ 

4Ji fill L^ (3^ u (x, y, z ) ^ ^ n" *U ^IjlJI 

4-^L^J1 E i (4-.1} ^jLjLlt a a 1 It j :q 11 a ^ ^ ^!l 

:^jl (jiscjJl 

(4.3) 


W (x, y, z, t) = (x, y,z) 


4JjLj gU 3^ 4 iu.a\ 4_j? 1 a (4-.2) ^jLft-joJj 3^ 

4^::kj 3>1 4^1^ i E 5j Jorr.a ^Lle» ^L>- ^Jy^ * I j£L^j . (4.1 ) 

3^LjlII ^JS ,a U i^LLiLl (Sy ,1 alt) 4-^ljJl SJIjJI ^_^jLj-uj 

4jt ^0^1 Ajj ■tX'wV I Luaj! i^^j .(‘4.3) ^jLjm ^ j •"11 

tE^ J E^ tjOj-tmi (jO^Ll^ 33 j aU 4 4 _i atl 3 Tt . ..t U^ J U^ 

:j-4-^l 3-^^ u!^ 

W (x, y, z, t) =Aj (x, y, z) + Aj e"'^2‘^^u, (x, y,z) 

t(4.2) Lii^I 03^ (2) 4ia^^ULt ^l—>• LL ^ ^ 

L7^ 3** * ‘"‘J 3^^ (1)^ .(j^^ J ^'>-' ^2 ^ ^1 **^'J 

.>*11 1 ^j_u^ 4jl 03^ ^ 

jl tS.^JuJt-a cd3-»tJ 4 J 4 ^ i J J j! t 3Ja *a- a ^ m 3,5^ 

4^^^i ^IjlII oJJt 4J |4j i M'^! a ^..itL .4 ) Ijh^Lftj i3jjL3tj4 i^jlj 4 j 4^ 

4j I (II *1 CjVI 4 " 'fc-lj E^ j E| (jl't'r j" ) 4.3LL^I t4 i^L3Jl 






iI j"f 'v. 1 ^ ‘y ^ La tjl Jci^V 

^«_j.4JU I. A- A .(4.3) 4_JjLftJli (jy—3 aUoJI i^jji ^Jj)l>il 

4j 1 j JL^ j i ~t %) j i iJl 0-^ JJL-C. (^1 

^ (3^1a-Ll o' ^LuajJ k^j-Lju o^Uj (5) 

(jLfl i (_^J i^LuaVL (^jJl La^ ^ C. i, V “i a a ^UJLj qj^j t u 

111 dx dy dz = constant in time . ((>®>II ^^Ij) 

4j^ 4 U 1 A Jjal£jL!l JjJlj>. 03 ^ V l_aJLl^ *Lt^ \-j-Jt 4Ja^^LLI 

Ct^ Jj^La (jt 1 i<v 1 ^ ^4J 

4_^L-uJI 5 ^ j "'.Tl ^1 "Ti ...I Ti,4l o-^-^J 

1 ^cSLII 1^ J <■ iilri* A ^ ^ J ^ 1 JlAj . Ijji.V-'*- a 

SCJUBrC ^IjJl 1 A 4 I I Jur.<a ^LuJl Jjal£llij1 O? IjUJl>0 

^ ik^ ^IjJI • JLSj U^ integrable 

^ lLUjl^ OJ-^ 4-^1 I Hn ^jLjlII o|^ Lh^ 4 ij t a 

JL-SJ ^^J J ~^0 i Jl^thJI Iju^ ^ 4_xLajJI Cjll^^-rfclti 

(l^O ,i^li J-l^L^) ^Ixll <3 <1 'O (j' ■ ^ o~^ OJ-^ •tlUj 

o' o^) ^Liil jjLj . scalar product 

tf* 

§ J f u^£1j 

<f I g > 1 1 1 dx dy dz g (4.4) 

._uu_3.j .<g|f> = <f|g>* t .h -vV 

jjhj .<f 1 f > jjfc f illjiU norm ((_^Litl) 


jL^jlJLI oj ^ ^ ^ " S' 





-^Tl 5j_c.|^ Jjl ^^Lc.1 4£.j4^*a 

^* L 4 4-ur^jJLl ^IjlII ^1 LlLud^ 4.^L2J1 (^) 

1_A 4la.>J ^LjJLu^j Ijj 4_j| it 4 t j I n '^1 4 1 * a 

j ... ^~i " 5" ^ (5) 4_i_t^L.^l L<al .(J[^^l 4_Ui3J ^-IL ^jlSLa^Lj 

L)i^ ^jLjlaU Y 1 jj 4jI (2) 4 j i^L^^Jl |dju * 1^1 ^ *( -wl 

^ JjuLJ 1_I^J .(_5jLpj>^l CLtjlj A. *"ij tLiUjL^ 0,5^ 

multiplicative lJi£l\ t>y r. A 11 .U3 4 4 4_^^1 JljjJl oW 

I ^Ajj n ^I _j_^1 ^1_>JI ^^ ^ t^") constant 

j~ *^| • " . ..I LjJajj 1 i ^ ^ 4^^ ii.LiJjL^ <jUj J 

4^1 j t ii 4 j ^(jJI ij^ multiplier ( L^J^_U3_<l^ t laf.l_ 1 ^.. A 

:ijl ‘ normalized 


<^f\^f> = 1 


(4.5) 


l^/fl ^ *er^ ^ l)^ Cr^ ^J) ^ 2'^LlJLl iJJLA 

Jj) j_y3G LlibJ . ^ J I n '^ll ^jl SLa 1^j t'/ J \—o 

(jlSLa t^\ (jj) ^J HI '^Ti (j7 5^ ^4 J V"n 1 'tC J . J I ^ 

1 a ^ I ■ ~~ i ^ ^t ai . t t "1 J..'i^ (^I i^j\jL-a 

(^L.4J->-V1 J) "i 11 ^ Y’ 0 L>^^ .CjVI— 

t_jU tj ^Ij—iJI ^,\ a- a ^ y P (J^L^ ^jU 

(^1 Jj-ta-i ‘UJ^ (j-^Lt 1 t t“j .^0Jfc_>JI clUj ^ J < II '^tl (J I 4 ~ '^ i 

j_yJl_^_JLJ>.V1 Y ^L>J1 ^ ^ 4^j^tniIi C-ljL£^ Ijj 4j) 

103^ ((J^ o'i-fc-Vi 4^lil^) 


P (x, y,z, t) = ^ ^ 


(4.6) 



iT»t ujiLul 


1 iJljLil Cy^ Lt^ . i "i t j IjlAj 

i ' «» 1_A ^2jj ^ (J^ISkILII ^l^^^_>.i JlLc. 1— dl * 1_ n 4 

(Jp9 — J fl 11 Ju^ ^ ^ J ^ J i ii.JKJl (JiQ-Tl^II ~ (J1 4 "l 

(j\j ij^ ^ i djL^jJI ^j.>ajJI <.y 4~i ■~i ^ 4 j9uIUJI 

. (4.6) j (4.5) j (4.4) Ci^jLdl 


t_(J ‘ '■ L.L.U^I * *■ * ^ 4 1 ^^ ‘^I LjiJ 1 ^I 


La 15^4«4 03^ L^Jj .^4.^1 4 j^I^ ^LiJI ^jMI fjj ':r~t11 

L^ ** ^J ^ ^ Ljj jJ 1 ^L>J1 (^j£. ^ * -a 1«4 ^ L^ . I j (^^-A 


^ 4.J c.7^^ cjLi^Lj-2JLj jj it"J 1 4 J ^ 3i i j 'vj ^LJu ^ ^j 4 ^ 

jj) ini ~i T I I JuA g* i" j.uJ ^«J I li -Vf ij? J J-S» LJli I <■;» TJJ ‘ <1—4j4^.xI.I 

•tlh!>-^^l (j^...i.*i.. i .*jj41 (j-a iS^ Vj) (jj_?-^ ^ t( 3. * ‘ * ' ^ (J^ (^j - i n^ .*i.. i . * * T l 

IjL^ 4-j,-^^^ 4-^1 J iJr>Lj^l 4 .^^LlJI Ci-tl^ 4 ji > 


, ^1.4 A /% , ., I A^ 


^Iju j^-%^ LiUj 1 ^-iIdjJLl cjL-uIj n! ^UA~.'wt t <1 4 “ ^1 Llit^j jl 2 J 

4_j_g^J 4_^Lle3JI .dlX^wV ^\ \ 4JjL^I lZjLlj^SJI IjL^ . 

^ I y\ 41*1 Mil <^LLa 4 5jd S Laj.^j -^"tl 4 

: ^1 a\\ 41jI^ 4^1j 3^ 4Ag£^ 4 1 ui.tjLj 

9 jj..I jrtti d ’X jy 11 ^Jb La ( 1 ) 

\ 4 6 4 4_l^L^ ^L_>> L^ 4 jlI^, 4 Ajbs ill CxjL^ lj| (^) 


S 4<^ gli lIUj CjVLoo^I 




t5jl9Ul^l6jUloA 


4^ ut (jjjLoiJl ^j -0 f^L^IuVl JL>JI (^Jt La (3) 

0 IJ.. 4 SLJ ^ ■...<n« 2 ' j 1 (jiJ 1 J.uJI (jVI jL^i 

I l_aLqj »ii a ^IjJLl ^ y. ^| j!^ LjJlji^Ji^ 

.(4.6) aJjL^L : ^ V 1 ^ 1 j (j'i i 2 L,i^>L£Jl Jlj^Vl 

4 ^ "■ 11 CjL^LLaJt (jl (JjVl (jlj-cuil d a 1 U>M d i ... iU \j 

J^L>. l£11j 11JujL^oj i (4. ] ) E d i aj4 

13 d (J^L>- (^tj tjj-u-3^ CjIj L^ 4JjL*JL 1 liilj 

4 j ^ ^ ^^JtsLjj .^^Lull (j4^ jL-d»d cjI j-a 5CT d-*-jtl 

.^LLaJJ 4 ...d.Tl t (4.1) 4 t n1 • aH JjLq.^ i 4 3j.-i4.d 4 -£oL^ ^jLa.d 

4 mi MIj iJIjVjiIjlII dJ-A 4 .U jJt 4 . .. > LLA 4 V (^4JI 

^Vt Ldj . JLA.J i 4.J 4 I JJfe (_^p4J9Lu (LA,.JLu.ifOj CjLj-d£L!l >, 

i ^‘i!jL,t..d L 4 J 0 . 5 ^ jLu^jJl 4 i ^ A <L^Lj^-j.^ 4,_i 4*^ [J^ (jU ^ J .- 1 d 

JjLSbX ^.XaljLj 4i4‘iMiUj LdLu dJJi^JLl 4a^L^1 
^d Jjl.’iti) ^j 11 ^4_J_4J| 4 tJ . A A 4J _dIjL-iJI lLLIj 

JljjJl (_ 3 -a 5 ^Lill ol tSj ^ tjL. “i cV< ,1 j 4 4 eigenvalues 
(jij iljLa JLj tjl . 4 j 4 <tl t41‘l eigenfunctions ( 4 _pl jJl) 53 j 4 U 

Jl^jJI {j.d 4 ^\“ 4 . A CjL^ 4rtl“-^JLl 4.^Lj.^iJt CjL^aSJI j^j ' »'* ^jjfe jJl 

* 

— jaU 4j£La4l ^1 (_^Ac jLd£l^l 11 <j 1 (J 1 ji.iitl ^Li^lj .dj-LoJLI 

S^^LLq ^jLjlI 5j j 4 U ^jA 4-Ld — I A, Lj^j ^11 4 t d Jr» |^1 

. Vj i4jja^l ‘ 

(dj_J^4^) ^L.^1 j ^l_ ^ 1 _ d 4ia^J ^ 4_ajIaJJLl i^Jl_^ IjI 

ju^ 4 jti ^1 Luajl * Lij^ . 1 jg..lijd t 11 .*A 4 j^O eigenstate 

» l^i ^ itx t ^ djLL^^ d /I t ^ t IaL- jt ^ d^^-LjoJll 4-^tiaJl ^ * 11 11. 4-IfajtiJI ‘ ^n I 



CiIomiLuiI 


^ j Aj ^ TT -) 03^ <Laj}hiIl (jL^ iLiUj 

4 K 4 4 4,^lj^ i 4 4 1 4 3^ j4 4 ^Lj>. jt *1^1 iiL^ lUtl 

4 I t « MLjJ ^^Lc? •^jl5-ll 2 ^4 j4.Jl 1I (Jlj III II LjJj^ ljub (jp9 • JUuD^l 

1 ^^.^ La. Li^j <^^11x4 La 4 j ^*LJ ^juil ^uStl 4-%-^ ol-^ ^ 4 ^Ljl)I ^L%i] 

.4_tJL43^l ^ L» t ^ ^ ji-P ^ 

^L^yi Vjf j^i "t '^■Vl L>a 

^1 1 JUlU ^Lj 13 t *j 11-* I 4^4^11 t ^L%JJ 4.jJ:3>jJi.4JL 1 

C #! 

3JL^1^ ^j. 4~ JJ 4 4 jit (1)5^ fjJ*.4J^ discrete ^ 1^ ^4*^4^ M a', a 

X,n tH (J^jJLj 5 jj_ 44 -« un 3^ J 4 li Jljjdl 0 ^^ '(lO— 

(JljjJi ([j! . n 4_pjJI tijij un 3^ i 411 ^IjlU 3jJi3lJi,l 3^j 4 !.I 4..4-i-3JI 

3jLC.lit ^J^ t ^L>iJl 4^jJalLI ^jl ‘ 4^1.X't,4 3j.j 

:^jLil 4 U UJs probability amplitude JL^VI 4 ju^ lJ jju .(^ Lo^ 

A = < u I ^ > (4.7) 

n n 

j£liij .(4.4) 4J.^LtJLI ^_^-i^Lj.3JI ^LUI cJijj.jij «:LcjCLuilj llUjj 

:jjk Xn ^Lill Pn (Jl 4 "'^VI ijl 

P = A * A (4.8) 

n n n 

tUJ^ ^tTiJi 4^4-^J i I AI V I ^j i^jSk 4.U Cjia-cSLlJ ^ ».»<111 

J"*- 1 'K 3^y_i-4JLl 4..4-j-Ali 3^^ioLLll 3^,j 4 U ^IjJI uX I- ^ L A iL\ L^ 

4 JL>- * continuum 41 < ^"i 4 ^t■ -L .. ^jV! ^ *^^*1 "■^■' 7, ^ 

4a^l^ 4 4j4 (JL43:xl UoiljJLl IjLA ^ o!^ ^ 

c^jI^JLI 4 -j- 4SL!I P (^) dX, 4.^1 4 ‘i^w.l ^j-c. ‘ ^ ba 

i^^^jLj iL 4 L 4 J j^"t' ^L>JI L4^_^ • dX J* <^u (^jlII 1 ^--i 1^ 

^^^LljoU i3i_l^ A (X) dbo^^Vl S•'» 





A(k) = <ui\ W > (4.9) 

•Lr^ ^jt jL^t^ ^ L>-*j 

P(k) = A(M* A(k) (4.10) 

i^jJt (^1 1>«U t L^!l cjlj ^ju/L.j_2JI 4 J.SL 4 -II _j—c£U1 

.continuaus J.Via discrete (Jj-s^iJU) yju^ iSy^ 

(4.9) ij. 1 4"ill ij4^ (jl ii 11^1 (4.8)j (4.7) ^jL3^ 

.JjuajJll c4^ (jl a iln't (4.10)j 

4 K411 ^Liiil ^ ■ 'j ^iJlj (JlJ— f_u LiJLiib 

^j_uLi_^1 (j—^ jj—d 4.^^^iaJi,l 4ilr. —A *^ 

4_^lj aj _A nUj III I'iU } 4_ usL^ 4 ^ (_yl£. Jj— 

S discrete {spectrum (J, y±M ua-jLi 
4 ji 4 1 1 4 ^ j "t c3^J 4 -aj^jII j-l! 

cZjjL^ c4^ .^.1 « A ^j^Lj^t juu 4 _lj^^I (j|^ i^_^L_L.AJl 

CxjI£^ Ltl ^4^1 oLuVl S3 jlijl>JI 4_^3-jJLI ^IjJI La^ • 4J-Ld 4.4^ 

^41 (j^tj-dJl 4-4 a-^ «>Ll)I *'j^ d ‘ ^ (^1 —l.aJI 4^ 4^4^-4I 

jj^lnTt i\%J. Ir, 4_>ol-lJ1 A,n 4.4 -j-^I 4^^ 

IjlA ^Lj ^11 ^jLaJL 1 a lU ^ 4 I ^J-ll ^IjJl 

^1 ^ ^ t— iLl mV 4_4i-^i IJ • ^ £j n .>> “ > c5 ^ CjI—uVI 

^1 * it-djj 4! 4.ta^J ^ 14 ^ ^ CjLujLxa^^ 

i 

^ ^*14^ L&jLp^Lj Lli^ A (4 Ljl!u ‘ 

^^ iji .>> A i 4 J 4^il Li" Ajlx/A ^4^ 4^j ^ 

^jjl ■ U.^ . .. . tt “1 3 U JU^ L>^ d ^ tr a I .a_.^4 

( 3 ^ 



uLutfLuil 


fju/Lcul (^ 7 !^ iu^i ^V 1 ■>■ ^«£L 11 1£^1£Ll4 i^jL^ ^ jl^J 

t"<l ^ ^ 5j J t~ a CjL^^iki^ |<ij ft t "TIj * Jlj->.jJI pj . jULft 

.1^1 i r. . .. 1 JlI£, i^LlLJ^ I ^JJ^J ^1 CjLjjJoIjjJI ^1 (^Jji pX,jJLl 

... 1 ^ i-ii t .,. d^bJUi_Ljft ^ t l I I^ ^ li• ft £**tl /I I I> 

ol ftj t n'^n JJUkJ CjI^ It^tA ^_yA JLjJUlII 5,V ft"l> ft 4_^J^ 

^Lc. 5jj) I^\ 1 i^il .ILft~Jl“) JL^-^I ^LLa ^1 i 1 .^Ljajj^jJLl 

(4-. 1} {j-L_lljLiJLl ^ * L ■ ■■ . ** J* ^ ' lIjI^ j.t.!lU uiLlj (J—^ Lt^~^ 

J i ii j Vl L-Sj-laJI JjVl ^^-ft-je—ftU JjLft^ JjJl^ ^^.ft-;* ft (4.2) j 

4 *i!?(J l^ ‘pj ... -^ 

(.-Aj-all (^)^L>-) ^LUI pft .cZiLnlAXI <U 

JSLI —LJ}—ft Lr^ (J>ftL5v.TJI .J.U. (4.4) 5JjL,<m 

(4.10) (4.7) cjV. 2 LjkJLl ( p^ ftll Ijla 1 jIJ ^.^1 -t"'! ^ j... y\\ 

i(4.6) ^jLlILj ^ll£. j.^t.U p^ .Oj^l J» ‘ JjLftjft (_^J - L)J*^ 

(J.SL 1 —t!ui ,1 —ft— j —>.V1 j) "11 (jyJfiXJLj ^ 

4jjJ(^UO 4-^1 I ^ Lljl 1—uajl LL^ y C-OfcJ . OLft i I n >J1 

*spin angular momentum ,_^1 ,^^l>ll cd j.:^\ 4-*^ ^ J^LlUI 
cjLj^j[j-Jlj cjLjjijjSLJVI (>ft Cj Lft^j.g.'^ i~< ft 1 4_l^Jftl njJl 4-U^ Ijd I 

. jLftj 1 ftj4 Spin ^^^jLlI uJidl (±jjjl>J 1 t ^ *1" ■ ■■*' 


L^i F ^IjlI (JLftj pj-L) tjl UL I v^ftU 

>M 

((L^» Ijj u^ ... , u^ , Uj JljoJI n 4-lAl ^ i^j ft t 3jL^ 



cSjisSJi SjUl o« 


F = C u + C u + ... + C u 
11 2 2 n n 

L^l-o ^Li£ (jiUj ^ 1 jJ linearly independent i ^ 4_La 

.^>Vl JIjjlU 


1 , I ^ f 1 1 


^ . 3^ jqU 4.4^^I LilJj jJdLjj 1 jU^ 413*1 I <t4j ^ ^ iU34 3jl^Ij 4Jlj 

Ej 4u^lj . nonde^encrate 4Aj^La **'* ** 


^j.iuaj 1 t j 'w L^ i 1 4l3l (j—ji pi^j ^LlJL^ udllA 

LJLcj (degeneracy jyLstjl tf.jJLl cjjltcjj ^L>J1 liUj ,X 5j-jjoJLI 4 

LuajI 'K 4 j3U Sjj-oJLl CjVLpJI 4 3j S>. L* 

j^yj Ucj uJi5ijJll IIla Jlx . |X (L^xjjL^ ^ 4-J.4SU 

^(jL^I^jlII^ (jLAd-L^I 1 ‘j • , p t lA (jjlj ^L>JI 

(X 3j. .1 .ft 11 1 ^j A 4 3j_Lc ^ 4^1^ Ls^ jLI**!£ VI j j.fl 4JL>JI ijLj 

3jJlLId * M' ^^ 1 dji 

# _ 

lyj^ L_djl^l 1 j| .C^ommute ^Ll^jLu La^i 4 ^VI syj aU cjVL>Jt 

La-^-i-uL- i-d ^jSLaII (j^ "j.j A^ll Lil^ p|-^ discrete ^411^^ niU^ 3 jj..dJll 4 4 t j 4 

* j(tjLlLa^t a)) (jG-j-aSLH LgI^ (jl jl (^jljJjL If 4 ^jlG AJ-.4 L 4 - 4 J 0 . 5 ^ ^ 4JL»JI 

« 

JSLg oVLa* 4 _jU 3 continuous > 3 jUll (jL^ IjJj 

JjJL^ (yCl^^j-t-A LjJ£^ 1 ^ J ^ CjVL^ 

(jL-lG£.V1 Lj Oj (jiG-uaL^dI j 11 L?^ IjLoG-cIj . 4^jJJ 4^1-^t 'xl 

LiiLijb P J ^ <ill ;j-U4 Gil IgK 05^^ LaJiI^. 

. P J X. 3^y^l ^«^Ld3j j1 ^^ 3 ^ L^l * 1J ^ ^ 

. P j X ^j-a ^ JjLjjj 4JI^J1 liilj l£JIJ_A V JL^ 



uIajiiIuiI 


CjLj^4-SLJ1 4 X 4 !^ <^j^ T e->a LxJjJ ^L^l 

^q-l^Li 3^jLst>o j-I' Cj^L^JI (j)^^ La,lj^ 

.iu^VlS^ai 

i^jji 4-1^ JSLtuj z, y, X 4.jy^jl£LII oL^j-a 

^ j (Jlj^ LJt5^^ ^“ A I aI I Cjlj 4.^jl_ij CjLj_^^ 

d ... a\ t .»-'*■ ■ ■■ «-i . L^I Cjl^^-jJLlXi uJioJI t_<.«.<j->. 5 • . j ^ “ A 

^>4 ^>I cA ^. ciJJ^l 4^ P^, Py, P^ ^1 ^ 

P^j X ^jl ^Ctl i^LILLI ^Jj ‘ ■ ■■ c. i4^jl_ij ^j^Lj-aJI 4 CjLj 4 ^ 

t-_dj-*j cjVl>- V tcji j 4^n (j-4 4 _j_i-uJJIj .itTI tj^ji iVi V 

(jjs 4^jJl ^JJL>. JJLstj i5j^jL3t-j4 j.j_c. ^Ja j 4 ^ tl LlK L^-j^ 


~ ^ (J!(j 4 t ^jj»Ll5 U 4.1^ 4-4 4_c^L^ Lq 4_t_4^ j y ^ ' 

• I .. aS j i>> 4-4^ Cjtj 4^^!^^^ ^JLaTt-"^! CjLk^^ L^ ^ ^ 

,p^ lLI^ 'a-"ill 4j 4 ^ 4_^j^ L>*^ (_jjt_4uj-i^ . X 4 -i^L^ 4 ^ 4 .^ (Jj^ 

4^1 4-4-3 tilJjJL:^ 4^1^^^ 1 jl>. (JJLLA L>* Jj^ O^ O^ ^! 

L^j-u Li-jL^ 4^^^i4_j4 4 _j^jJLI ^IjJI 04 jL£^ IjIj j 4^Ti Lii^ 

t ^^ JLjlj fj.^ ^ (JLa-TL^fc-Vl jLxji 4_j-a-^ jj-^1 

L^ j 'Jiu I. V ^.1 CJL^^^L-£: Jljivjj * LiJj—3c-aJl 4 ^ 4 ^ ^yj4 

(jl-^ IjJ 4jl i ■> ^ > i^l Jl^ .4 in 4 I ia VL>- * < <<1 

. (J-u-SLaJL l (j-tliL-tJI^ ( Lfi?aJ^£. ^1 JL)^ LiJj-%Jl]l 4.J.4-^ ^j_p _3 ^ 

_4 '^ ■ --j " ^ jj -V)) jjb jL-ui-IjI ^..1 i A Aj .i.iLlj ^ 



Lljl9^l^!SjjJlo« 


(JLj- 4J it U 1 ill ^ «(_3l^^—sejVI 

^j_L1 j^jl^'i )nj * "wVl ^ j iTl X 


14 i X 4.4^.^ L-iiajI 


('<CX!i> I d ^ .<j“ 11 X 4 4 ^ 


3Ju>>1j 4_4j_3 (Jj->- 4_^L_^ V 3jL>. 4_4-d (jl-^ i j| t(j^l • ^3. ^ 

2 - 

X ^4^ I X 4 4 j .4 (j-u^ ^jLjc^ (j!^ ^a mm t*‘MTr > t X 4aoL^ 

2 2^ 

. < X > — <c xi> <JL>JI LLijJ ^ Loiajl t 

2 

t. i'>j < X ^ (jl ^»; (l>^2cj .^-^1 4 If rtilLjj 

2 

X 4 4 4 OjL^ I jj u ^ ^3 : < X > ^j-4 o' 

. ^LuijL Ij-uilLo llij 1^ i I * I 2‘■*. 

: jJ^ 

Ax =\|<x^>-<x>^ 


Sj-jJLl^I Ax ^ >•* iV T . 1 ^ ^ A ^ ^Li 5 -a l \ Aj 

. LOaj^jC Iji^^ S^j i^ il Ax j \ iij 
jLulTuVI ^1 ~<-u-< u 1 Li.LSL4.1 4 ^j-i- 4 4Ja-»J ^L>J1 ^ 1 j] 

^ ^j.4^ t Lii^^_stiiJI 4 L4^ 4rti'^VI ri.ml Ijjj.^4J 1—4^ i Ax 

4j| 4_stxlDjl L 4 (jj . A Px I—^ 

: j-*- 4JjLiilJLl 


Ax. A Px > 2_ ti 


(4.11) 


j 4^^I ' ' j'^ o' ^ ijL^ 4 ^LjJ111 aJJt ^juajj 

t(Z , P^) j (y , Py) CjL^LiaU 4_^Ltl^ 4 jJL •>- ^ cdLlA . 4 laTr- IJl 

(jjiJ 2)^ • 4^^L^1 CjIj-4^1 ^yi iSj^^ L^J^' '^.3^ LdLxA (Jljj Vj 

Jj I I It (_^i^ py J X li i j.'v 4_4j.jij ^jl 4J L^ 4_j—ij£J JjJljv lIILLa 





[ijt (jVI (jjju LliSLlj w“ti j LjoLo-i 4^Lx. <"tl ■*■ 1U\ 

* 4j ^ <Ljjj9 t ~ t i ♦ j In .'^J Lillj (jV cL^L^JJI 4jnuHll 

Liilj A ,^3 j Lh^W^ 

■ 1111 m"* 1 ^ T 1 11V 1 a JSLiiu ju^Gj t <L^LlaJi Jo" iVt 

j ‘" - ■■ * li£.J . 3jjljJl J J d ^ fjX. 4.al!lsbja ^ J ' ^J * 

4j "^3^.1 4 IIjJLj 1^ )c. j. i xi ^L>. ^_y—A 4-jo^ l^i 11 (jt . ljub 

ilL^l jl^ ljj^J"' • t = o La a^IjujI 4_ta.»J (x, y, z, t = o) 

^-3j-^ L^—j) ~ ^ ji^ 'V j^LilJl i 4_itl.L^t La ^jJl g “ 'wj 

j-xi^ X La ‘ (jy^LLaJi lUJj jLSiojI ^^ujSj AH t^l^^.3tjl 

4^jJj T j^xjLjuo (2>^J JLLc. i L>^ ‘ JL^JI 4»t.a-il3...i 4_^^l ^IjJI 

j1jL.d-0 JjLuiJ jLu L4.JJ^ . 4_JJ3h.^l ^ijJl j-^L-«"i-" VI i 4.^L!^ 

CjjL^ La-£. ^ L j ^ \ A 4.JVJJD Vjl 4^i^^l ^IjJI cJalj.%J ^jf ^^Lja-^ul ^j^Ul 
lJl1j_%J)) 3jLi-£.j . X IjlA jj* 4.^1 jl1jV 1 4_jJLajJI 4_ia.3tlll ^ 

4.6 J ) I A>\j jLJ^tJ ojj (JL>JI ^ * j ‘L t 4^jJI A^L^. t.~. i f ((4iaj.jfcio A^jJU 

X tjl t (_3j-i-iJj , ^jJl JaI Hit) Lijk Li£.J 

.j^jLiUJI i^I^^^jtc-iVI ^LLa ‘L - --j" ' L ."j,la 

I . AE > 1i (4.12) 


( ^ L^jI LLj_>.l SjjLpJLl ajjt jLiu 

JL^Jl 4,»^LLtn \ cillj . L>^ (.iiJj ^ jJo^l (3^ 

^-rc-t IJL^ Jt d~i L^jSLlj J.X t~n L^t A-jS^^LLj A-ljo^ 

i »1 J iX! A-il^. I li 0 "i t~t (^JlII JS~ .oil ( A^Ij A.ul^^^^j 

-ft oj cjI jo^! 1 t )ih^t J| o"a*.Vi cjLt^^^j A^^^l JljjJI J^ 




Sji^l Qo 


(1^^ Hi 1 I A ^ < t t A , .1 ^ \ . tjL^kJ^J 1 ^ I ^ 

(jjA (,7^) l£l^l£Lj-^ ^jjo 4-^1 4*1 '^Vl dj£Ld 4-^1^ (u" 

Lgj^ jLuiIjVLj 4.j1aaJI 4jrwLlJi ^ja 4Jblju ■ *^ ■ ■ 

3j-JuL^ I^jJVju (4.12) ^jLkJLI t^^^tl cjLc.Li-uJ1 ^ju ^jl*"j 

. 4-^LuJ1 CjM^L^I Ct^ 


*_d JL:^^ fj-uLj-nJlj 41^'v.^ ifc it 4ijL^ <L_uL^_^ 4 j ^ (J^ ^! 

^1 * a^^JoLjJLl ^'v 11 t /^jt->ll jju'vj j11 ^ 'j* 

^l^jJI ^ y *" cLUjl^ . 4^Ljij.^ 4 x^-A| CjI j i-^lj Jl>> ^ 1.1 pj^tl 

^j^l j 31 4_c,^jlJLI ^Ln!l jujl>ij 4 j ^ AI Cjlj 3^^mi 3^ j all 

(4.7) i^jji t.ljVjLaJLl jJibjl} Aji 11 4JL^ a ^ 4^lj^-j|^l 4_u..a^l 

. {ulUj Juu <."4-«.iu^^ (^7^1 3.^jL.aJlll Cjl.a.j Hi 3^.11 CjLa j a .ifc^j) (4.10) ^," ">-. 

* 

^ l_il-^ ...I LIjLb ^» 1 1 ! \ 4_ilSLa-a d-_tM j ^_i a 4-j-a-S^ aa l L^It a ■■ ..^!!T l_i^ 


<— Iatt * "U-wj t ^L>J — (4. 1) 4JjIjl1I “ 3j-j-aJLl ^ 

oi-^-aSLII Il^l_a (3^ *^ ^I jl lT J '" ~!" U^ 4_a^^Ja^ ^a-a—*3 
^ j n ^ fJju^_dJI i JlA ^_^Jj La j ^ i^^-i-u ^(1 ^ -^1 j ^) 1 U>->^V a 

ktf 

L^jlj-ll LiJj-_5fcjJl 4 ^ a cd^-st-jJl ^ j a it-dj—st-jJ! 

c^! t^j^l j aII 4 a a 4 ^LjJ-^ CjI j a ^ LAjI i~ f.lj 


.cL^lxlaVt 


djAiit 

LiJ^je." 11 4j.aSli 4 j^).^jI^I CjI— t^^^-all ^ ....‘<11* 5^^.al,l 4_^a-^l oVjIjlj 4 Cj3_ijt 

P^ 4_i£juall ^ «>'■ »1L aJjLtJLI i^lilll l 4^ * ljL>- ^Lj... I 1^1 P 


.f 


du 



iZiLuwliul 


lt" ^LiIjL^ cilLLb 

CjVL>> 03^ (J.>^ jl 'yjj 1 ^ 4J 4j| 1 14J Tr~!l ^ j Jlj^Lail 

(4.13) ^jLjlII ^Ijiife^-uflj 1 Jt£ljjjl .dj^UiJt oL^jJLl JSLI <^->1 ^ 


lZjIj dJUjvjJi ^1 1 CjLi^^^ ^ .... lU t L^1j.jJ^j 

:(_yA ^41 <;“<'» 4 cIjL^^III CjIj P) P^ t Py t P^ 4^Vl 3^j<iU 
Up (x, y, z) = ( ) 2 exp (ip . r /ti) 

(4.14) 

p. r = X px + y Py + z p 2 


(J->JI I*, ^ir- jI 4_i-L^^1 ^IjJI (^JJULlt (J^LaJLl t*ij i j~t ^ 

4-^j-j>JI 4 j <1 ^ (j? CajLjJI (4. 1 3) SJjLjJLl L^T (JjcJ 

4.j4^ i4^^.^.<-jva p 4^4 5 >L 1„I (jt (^1 : 3La!^ CohJ 

. ..A (j.5^ iF ^4 4^ia^L^I ^JL^ LiJj.^iuJt 


tW La 4_c^^^ ^Iju i^(C. ^L>. Ljl M r.l JL^ i ii^Jl ^jl (j^Dj-aSi 

(4.1 0)j (4.9) t2T^-iLL-4U ^ ^ ‘L<, ^4^ (j-ul^ ' “ ^^La 

*L7^ (JLo^^VI 2L«.fu 

AP =<uP I ^f > (4.15) 


‘ ^^^ (Jjl^L>> eJu^^jCJ 4.j-uijJLj (4.4) ^^jjLcii t 4^1 j 3^-4 I C.t^rw 

L*4>':e"i!i 4^.4$ tJLa'i'^.l OJ^ 

P(P) = AP* AP (4.16) 


4j 45* ^ a La 44^14 l^L4l£[^ tP U 4 1 

L>^ •4^lAjJLi «.illj Lliji^bjJI 4 (JLa-o^-l 

IJll. 4 Jt^JL>- ^j^uo 4 J. 4 -C La ^J_iJa-dV VllLa iJjb (jt Ju.^1 






Jui-Jl j-i"i r.i kUj III j"TI Jj 11 II 

4ijL^ 4_i^L^ ^ j ^ jlj "■'%■! ^ Lub •X j^^_>JLI (Jjio 

— cjL^jVI 3^^4x. jL^Jl o^L>Jl (4^j )Q '^‘o) 

^ = N exp (- x2 / 4 X2) 


X j (^1 lijLi^l normalizer JaLxa N 

P (x) = (x) (x) *^Jf^ X ^^3-^ ^1-1 .(^jLiii^l 


L_dlj.^cjVl ^'“j"^ <L-i^L^j .f~iLt>.^j~t,l t ^ 1" ^A .ItK" , ..I 3)3^'■' LlA 


(4,16)j (4.15) jL-se— iLjxIj , ^ \ — X 4»jt_iJuJl. 

■ U . ..j^’’i jL^ejj ^ 0-^3 tJI 4 _j4^ ^LuILujI ... > 


(-iiljjj .APj^ = Tl /2 X (_yjJb j" fll 

La (A P^ A X — \\l jjb <1x4^ cJ^^xls 3'ju3L=k> 

. (4.11) ^jIaJLI I 4j ^ ft I Mj ^4 Ja! LaLoj (_^jLx*u 


|9#Aa# 

4J S (4.13) ■>-~!l 4 j 4^1 33 j ** 1 ^ 4 4 j 3TI t 4 ^3^ 

3^5^ Lrl^ t3*^W Ltifijl JL.3J . 4^l^l jjti 1 L^ 3j^*l^ ,j-uL*-uVl 

3 JI 4 "<'^Vl (4.6) j- j ■ • "tlj (4.2) 4jjL*^ 

3ti I ti ... ^ ^li^ri uij i4 ^j<q n 4_j ^IjJI ^ ‘1 jl j -^Vi 

tjjl j4<ll (expectation values 4^^1 ^4J-iJi) 

3^L4j (_7^I X ^ ^ 4^ <i! X !!> lL-^ ^ ^4_>>j 

• 0* (4-6) *t tj-*j (_^ L^j-ul^ 

(i) < X >j = J j I dx dy dz ^ x 



Cl Luuj Lull 


f^yJb ji >Ti illjJl (jV 4 UI 4 iill tfjuk j-jJuj 

^i. \ 4- “ j^.Ls <C X !> 4_Lj 4£LU 4_uja^l 4_dJLuill ^ ■ »' ^ a 

4 '^j~il1 ‘(4.2) <lJjLu 

d < X >t + r r r * ^ 

"’^H =-'^ 'I' ^ >1’ 

j * 1^j a Px 4 1 5 Si 1 jj Lj 1 JlAj Px = ITldX / dt 




(ii) <P^>t = iJld^dyd, (-it.^)^ 

tP^ ^ Py tjlliljLfl-« ^jIIJjLajO 

^ j y c^! jjdjL^UuJi 


Lo^ Up 4 minjJLlj (4.15) ^jLkJll ^jJkll Ap ^IjJI i&IjieJu-ulj 
(ii) 4 JjLila 1) 4^1j 1 0^1 d * (4.14) ^jLsJLl ^ ^ ^ 

•Lr^J (4.4) 4jjljLlij 


< Px >t = 111 d Px d Py d P^ A*p Px Ap ; 


J J J d Px d Py d Pz A*p Ap = 1 

^ ^J ^ A p Ap ^Lj jj-ml <11'wI ^LitJjLjLil ^IjLa 

^ d ^JU *~ (4.13) 4jjL*J,l ^jl i lL!^ fr "iTl 4 _a 


t_i)j.-tIlJ1 4j.4^ aj^^A 4.x^jLix^ p 


La (^^yjb (ii) SJjLLLI (j-ojVl l-Sj-^I (yu 4 ^ H 

La 3 jl^L^ yc. 3jL^ 4 Laj-aX.J .ciJj..%^l 4-j.x^ OpCfUtOF ^^x^-i-uj 

3jl£.L 2JI ^L>J) . L^j^x-i 4^1"^ A 4 JIJ ^Lijy f 4j|j 



cSjl^Ul^jSjiJIoA 


CiljiiJJLl , ( — i h) (JjaLill cjj-iJ®! ^ i X 4 ulliilj f 

Cj\ i U.5^ ^ ' 6*^ * ( (3>-^ tilde A. i\" > 

I lL!^ 


^ d ~ ^ df ~ ^ d 

Py =- in^y— , Pw =- in 3—, P, = - in 3— 

X dx ' y dy’ z dz 


( 4 . 17 ) 


^IjJI _laju 4_i^ f 4_tij ^^l Px LaJU£. t (Jloll Jj ■ - ^ 

.+ d f 

4-^j^i iJjlji^ i , S ~ — ^ ‘ S 

*«-. O' X 

. P U — P U 3I ^ 11 (_yi^ (4.13) lLIj^jcTJ 1 4ux^ 

(JIjJlILj I 1^1—>. j i^uVl jJaJJI 4-_2£^_LaJl a'\ ^) 

\ a J-ii^ . Pi 4^a£LJ X 4^^^t Jl^LLI^ . Ld^^jeTiJI 4 jl4^ \ 

W 

. 4'3"f n a 4 a\~ir a ^1j JlI^ 4j^ 4jj1 Ly^ 

lU Ll-jlb L^ll jl Mij 4 .j. 4^ 3^j40..4 4Jlj 1 a^\. 4a^ 

^4^ ill I ^Jb JJLaJI Lilij . ^JJL 4 ^ A 4 JI JlII (.iUj (J-uAj 4j^ 

jJt^mi ^JJ,I cJiJ^_sj L^ 4_2 j^_Lu . ^LaJl J-^1 jjb IjUb *Px J ^ 

jJt B ^ ' 4.-4—1-3JI ^jLjLjQ ^Li^J ^4_J 1 t ^ "‘^ J ^ ^ 4 . \ 

b t^Aj_3. ‘^u ~ ^jLjlII ciLIj JjSLjo (jl_^ jjJJLI 

U ^(Jj) 1 a 4j LiJj)l I nil ^j_i_u_>. L^ Jk-^^ b ^^JLcIjL^ 4 j g 

^ • 4 .^1 1^n j .q t i 4J(jJI U 4Jj^l 4 .n j g 

J 4 ^ ... 11 “.(Jl U.3^^ ^J 'y ^ ^ j cl)^ ^_^_i_ul_i-uVt ^ *i 1 J ^" 

.4^1j^.j. 3JI 4_i^4£dl 


t . :;t 


Lai .4 j^^^j 1^1 LiIj_7eJLll 4 -j_^4-^ lIjLu^jJL 3_^^LiJLl Llj|jJji,l (jVl Li^L^lj JL_dJ 
jjJJLI t JLiJLl (Jgtm t L I ii 11 CjL^j.^ 4_i.oL3dl 

1 X f = xf j! (ji; X j_j.a‘;ILj c^\ f (x, y, z) iJlj ;^i ^ x 



iZiLumLaiI 


** j djl-j-cSU SjJoLlII cjI^jJLI (jVI j iil 

LijjJ ^ Ul! ...iU I S 4 -^Ij^j dll cIjI j II 1 jL4^ . 

sS 

t_g 1. .1 I V ^L>> (4-.1) ^jLjlH 15^ J.4-U 4_4-j^I 

(Jo^L^ i Ij^j » operators cjIjjJJLI ^ d'^~j Cy^ ^ dj^l 

: H 4_l 1£LII A^LLnJl 

( p2 + p2 + p2 ) + V (X, y, z) = E 

2m x y z ^ \w’/ 

L**!! « 4 C ^IjljJLi_u 1 ^ 1^1 A.. ,\ d ^1 tilt 

^ cjI^J-ILj 4-flji mil ^jl—tJLl '•*• "tl 

3j^Lla c-d^Liiaj 4jLd La ^Ij Lr^ ^ ^LLs Lai 

• V (x, y, z) j\.iAA.\ ^IjJl dUj 


1 ^ i ^ Lij t f 1 1 <1 1 l^*ij A 1^.' i 1 < j^i L I Lo^ 

UL^* 1 a I a 3^1 t-»U c_u^Lk^JLl L3 IlI I LT^ 

j ^11 5 ^ j 3TI ^jLiljo (j^Skj IJL^ . (^) 3 1 1" 11 4^yLjij j- j-gI~l3.miltoni2.n 


Hu = Eu 


(4.18) 


ti 2 r 32 02 32 ^ 

H = - 7 ;— {-r+-r+-r [ + V 

2 m ^ 3 y 2 3 z^ ^ 

Ljjid jl3J .B^^JoLlII 4..a-j^l E ^ U Llib 

Uj"'J t LiiajI (jVl (^j-) (jl ^ t ) (^4-. 1) 5JjLf all 4 j ‘^LaJI 

■ 5aji.>YIT 4.^^^l ^IjJJ j^^_La^l jj"! 1 4jl Li^L^ Ijj^ 

•(jr^ (JjIiI^La 4JVjlJ ^l£L^L ^_^l(4.2) 4jjL*-aj 



bSjljlUl SjUl Ofl 


= iti (4.19) 

at 

I (^ili-Ji Lo ij^lSL^-Vl 5Cr^l 

t » u j .jL-^-AijVlj J-l^LuJI jjfc (jVl (^pX^ i>LL5-5-jw L^ jjl 

^ g j U\t Sj-L^JLl 4.jQ-J-iIl jjl rt '» "i 11 1 < AJ tiiJ4 j 

2bjjc-um 4 ^jL»-jo 4 nj rt ^ 1_^ LjIju ^^1 (4.1 ) 

Jl, 1 w. i > i^LLaU j J J *‘ii1 t>o j-^Vl oLa 

5 iAj Laj^Ljj L^J Lj-A LfJj-JtjJl 4 j 41^^ 1 1* <i 

ji Oj-i^ p > . 5 . ...:U > ^lj_i_u iOLc, 5jjj-aj LaLoJ 4^ J'^ 1.^ (4.2) iljLm 

. In i I jl tol t Ii-w 4^j)q'^l 

f i j . ..i .g 4 i mitlj l,J-^t pj.ft t* (^ylc, 1 i t'» MIJ IjLA 

fcul^JoJw ‘ -»y^ j - j ^^\ cji.. j ..,« < - T I tiUj Jb^\ (_y-Li 

^Vju 1 L^-i^ ^ 4 J ^ iTi^ 1 . 

^Ul :ll ^ ^CJi Jjjli ^“l M m l ^ icd^ ^ *1 1 4 J < l ^jU3jJ,l Cj \^ j t " 4 
. L^ SjioLiJLl 4 _i.4^I CjIjjJJLL t.£!j-»jJI 4 % Cj 1^ J i" 4 (Ji JLj_jjjjIj 

4^L^L-=ai jl^bjL) 

. 4^ 1 JlL 1 4^ 1 uLI^^aTJ 1 

Jlqj A B f j-j-jjjJl (jLfl * f Lji 4Jljij B J A ^j£pJ_ja 1^1 LijjJ fjL^ 1 jj 
^jC « 14j . A^^LjJ 4.'>j~ tH Vj pJ f (_yi^ B LaJLl^. ^lidU ^IjlII 
, A B f ^ BA f O* 4j? i\-A 4 J <1 A| CjIjjJJLI (— 

^t.^ i commutator (JjLJI p-*-ul 3 lUj 

. A B — B A 



wlouiUul 


j Cic 1 .oljjJJLI (J-il^ l^x:>‘lj LLa (3^_i_uj 

4jj (j_o O^LlJt (J^-i-tu . L5 jLj( LbtxlDjI La 

•'UL^^ f ilij 

x\f= - itix^^ ; R xf =- iti-^ (xf) = - itix +itif 

ax "" ax ax 

oljjJ-ftJJ 4 .ju.uJJLj ^ i^~ij £lj^ f JljjJ jj )n tl)^ 

commutation relation 


X P^ - P^ X =iti (4.20) 

(j£pj-a (j\j (3>^l (jri^ J-o'i <~i~ 4JjU-fl ^iLc 

OdPJJ^^ o! (J-IJ^ ^jl ulj^l Ijj 

cIiLb^Lx. 4_jfe_LO j. l"< if 1.1 (jl <L:^jJj J 4 C>^J ' COmmUtC 

J.-:^ I A^ vLiljjtjJI cLj^q-^^ Jjjajll i^L—nS^ JjL^I 

. I JlSLaj * Px i y Uiyj^l Jla LaLi: Py J ^ 

Ijj-i ^j ) ^ rt a (j! . cj \jjJIl ^^-4^ cjLJ^ 

(ji ih-fc-^Lj LALljt-jojt 4 jjl_Sll ^-ALj-i-aJI 

( 3 i>^ L>^ 1 T A Ld_jt^j cJi-ua^ filial ^1 *) 4JL>. 

Jj_A djjL5t-fl cjIj-jJ^ J^ 1 Ml" IaL ;ijL^ cjL^!lA->.1 

(j^\ j 0^ 41*^4U CjVL>J 1 4_cLj_j-aJl . JjJaLi-Jl 

lIjL^-^jJLI ^jLnn! d jl"i_4^ ((oi <) T ' L7^ '"** CjLcj_u3_^ 

dJUb i-illlj Laj-4£. <All5t^ d T""^ ^4^ 4-lajjLX 

4jl Vj . 4_*_ij<l^ ^d5Jj L^jV 4-Jl^ ^ ^ J ^ CjI j iiiiJl 

JjL^t^ La (Joioj (jJj (^jJunXL (J3-Li (j^ <ULojl! 1 ^Liiil 4 i iuJiL LJLc J^jja 
^ J^aUaJl ^ ^IjlJI jj^ dL v> Ld dUjj, some concrete representation 

position space 



1^1 Sj^l 




J ^Vjj 1 i ^ 11 '> ! J 'V ^ I— 

‘ 11 |J_l^L>> (^jj^ f^j£. , i ...I j ^ j^SL^JLl t-d^p^sfc-~!l ^j n 

'-Qt^ oL^Ijl^VI SJVjuj , L = r X P ^^ijiJlj 

Lj^ = y P^ , Ly = z P^ - X P^ , L^ = X Py - y Px 

LJojI <.^1 r.j-i iL 4 j0^11 4jij^jl£L!t i^Lj^^JLI ^LudVlj 

2 

(j-a L jIjl-SJLI jl l£Jj— stJtil ** j ^ j1jl-S_^ j' ‘ “ ^ 

aJL^j] ^ Ijl^I (_y^ 3^^^llll p.11 

cltl^ J I 1 "tl j I "l 1 f I <1 ( Iju-l '*»lj *(^* 1 ^) I *"fci 3 C I ^ _ (^i^Lill 

. 4-^j).A^t| rt ~JI << ,j,i^ OIji j• * a ^J, V i" i n \j 4 i 

uii^ALuii 4,x4i^,) z 4.^j^»4i] 

{’‘■^- >'^1 

:4jli>>Ld!lJi ^jIjlILj l^ic 4.jS^t ^Jl^J Sy^All ^ ajSTI ma |4J 


4. f 3u 8u \ 

1 ^ - y T7 i = 


ay 


au 

a X 


L, u 


• the eigenvalue (SujljJI) 5_>^l <^>^\ (-sjiaJI L^ Ua 

^Ij 4_i_a-^ iliiLtt^ 01^ j u>~i 

cjI^I jL>.J ^Vju 4j^^jI£LII cjL^jJLL ol^jJLI 

• 0 ‘ 

^LaJLt ^jL3-a aLi ■»-*iJI 4-j^a^ ^ * 

"w i<Li£^_iJl 4 111 CjIj ^j-4 I jJlc j.^ l^Ti (^^4^ 

.3jJls^ 4 ij< fl \ Vi J^G V L^l 



iZ/LiiAilitf I 


^Jl^I ^ n j ^ .ijllj j ^ LiJLli^j 

^ I , ..VI ^Jj I.<.0 ^ Lii^^_Sfc^l 4 ,j_ 4SLT 4 4 ^U 41 4 j'll^jU 

— ^1 ^ j •jn ^ CjLi.^j.j4li ^ CjVI:>. Jl:>>^ V O^^-Alll 

j.ii^ 4.%ZLa CjLj£^^^ U^ ^ L>* ~ 

^1 ^ ^ j ^ ^ j oVL>- Jlj:^^ ^ IjL^J ^ d *.* ^ 4_^^Lp 

4_:t_pj uj|j oVl-^ Vj Ldj-5t^l ^ j'v^ (j-a ^jj t^l ((<_A^^jtJ» 

. L ^4 4^jLp l)^ U^ L>^ l)^ 5jJL3t4 

(jjiJ i^L^l (^1 L 4 _^jJLj L^ 4 j o^n 4-^T aj j4 4 l1jVL>- 4_jL^ ^ 

i^J^jL^J.1 4^L4 Ju^I .>>ti i 

J 4 11 4_4^^t J u 4 (3^-i-u 'L^; j ■ cy> JSJ 4_^VI 53^1 oVUJI 

Lol 4-JflLh^ CjL^I J-j>-Ij I ^ I *j 1 4 , i ir 4 Uiu 1 a < L^ 4_^j_jJJ 

.4 ^ CjI^I JL>j ^1 jJea^L li,X4.4>.,4 ^ 3 ^ 4.j, 4^1! 4.1.j.,ailL 

^LliJl * jji.l ■* 4 II ^/...j 3j._pJLl 4 ^ j^tl cjVjLjl^ t ^ lij^ 

• 4J^LjlXLj ■ .. 1^ 1 A ^ 11 1 1 ^ i iii 14 ^ 1^ I T ^ 4 I 11 4 I . .. i 1 1 1 

l 2 = /(/+ l)ti2 , / =0, 1 ,2,3,... (4.21) 

^JLjlI» 4 ■ ...itl IJ VL 4 j.AjuaJl 4 ■^J'^ ljljL£.l Jl^G / (“(J'W 

: L^ 4jcCU tj3^ I CT'-xji 

L 2 = m;ti , m/ = -/,-/+!,.... ,/-!,/ (4.22) 


+ / 3 — / lyo rn^ ^_y4^1l jjlaIJ AjSLoll ^313113 / (3iJL4 (_j4^ jjJ 4j^ Ij^Laj 

. 2 / + 1 ji .1 ij^ 4-*.j'»i^Tl jlj£.Vl 5 j^3 

Cj1j_^G 3jl-C. ■ -VC \\ j. I 4 ^ j _ )jt f 3 la 3 _jtJl Jl^3J 

lQU 8 ntlZ 6 Cl ^_^.4^L4 t^ 3 l 3 Jl (-fJ^-stjJl 4 .l 4^ <jei4 jl Ja 4 jjl 3 ^ 4 ^! Jlj>.! »4.jj3X. 

4 j 0 ^ tl)^ Qji IJlA3 i3jJlS«_ 4 4ij« A 1 j4 VI Jl^G V 



bSjl^UI^ISj^lOA 


(j-i-ijlaj ^ 'I"j jjjjLlJl tlJjL3e_jJI ^Cj ^ toj-LI ilVju (-_dj.j|j 

4 liii fIL) ;^l — i L ^<U-^ 4 1 .i.uJJLj tcdJj ^ 4 * 1 <<^7^4 

X jjj I ^ L ‘rt ■..A ^1 (4.22) ^jLjtil jjuJ 

cU_dLu9VI 4 j !1 Lq ^^^34 4jU9 I jJ .3 jJL%^ 4 ij ta I 4j4 ^} wLj^Lj V 
o^JA.A «UjjLd CjL^L^I VI L 4 'yVi Vi • Li-A ^ <^*1 (H a 

lLLLj ,\ 'kI Z jj) •anil (jl <ft II j J—c. 4jL^ 1 1 JlSLa dVi ^jl ^ I jj 

jl t Jl- a\ _>ijVt \ _aLcj L iZi^ _:^i 1_ a lj| icdJj .CjLjbl_:^V1 

^jl—uij ^1 i ^ i y> Z J 3 '>*11 1 ^ _1-^ 4^1.1 uiUj JJ) 'if 0 1T c-4j^jJll 

LuSL!.= / (/ 4" 1) I(jj^ (ji ^^jiu (_^l ^L>Ji aj 
J —^1 Ij\ JJulJ 4 I <U JLjj (4.1 8 ) j (4.1 7) j^jL*JLI iJj-j 

IjJa_)j . / (/ + 1 )li^ ^j—a Aj tfi 4 i 4 1 ^ 4 ^ 4— 4 -^ 

4j^ (4^ljLj»»yi UjjLtb^ 4 j j" 1 LjjLj^Jh.1 4.j 4-j ■_^j^ ^3*^3 ^JulJ 

L 4j 4 -wj... 11 cjLaL^VI Jt^jj J- 4.j^j!UI ju-ftj ^7 LijI^LaL 

4^1j OjJi Jj.^jjll 1 i‘< UJ . 1 V i if. JuJU^I JJ-^JLl 1^1 

i4_^l j j L^t (JL-Sj -^"iVl Jjls 4 T\ ^ji 1 ^ 4j V L ^jlj 

jj >“JI f^j£. ^ ^1 VLnr, 1.511 g I j .~.Vi J * Jj Jj y ..tlj 

5j>l -a- 4 CjLj^L^I i^I Jl^Lj i^jJI 4^ ^4*» “4 ■ ..MCtl 

^jljlaVI 4jj^^ ^jl .^lj_AJI 

4 j ij^. M oVL^tU 4 .... Ml I jjJ ^ ^ j ■ !l j jC />“ \ \ ^1 ^ 1^- 

^ *^^^3 '*'" (*^ J‘‘'33^,*^') ^jj ^^ I .(4_^\_i_tJl) 

.^jLaJI 4l_l->Jl 4-4-4 J * (^jj! j ‘4^ St t IJlJW 4 4 \ 3jl>.J (. 7-^3 

4 j. ... ai (_3 l1j ^J j * 'L^3^ 4 ^1 IjljI jJc^I ‘~1 j Vj 

(J^ju 1 LLA L 4 I .Tl 4 J i ^jL2^ 4 a1 .>>T1 l-Aji. l3 a LiJ^^^O 

lJj 1 i I \ (T. L^ (_^j-<-uSLJl J J4~U ij-^OJl 5^1^ IjL:^ 5jJ II / ^4^ 



uIaavLuiI 


(jjSj i^jJLl (_3-fl 4jU3 IjL^J . / + 1 

^L>Jl LjaLu ^continuum M ^ 11^...j ij ^ - | 4 ^ 

3^JL>JL1 L CjlibL^oV 3j£LdJ1 LiiJj 

* 4jji^IjJI 4^^£Lu«j[^m <jijVL>JI [^.j^ 3^Lw 

(Jl^jJI (_yl^ lL!^ 'a-"it I 4j Sj^LcJll J 11 4Ji < n a jL5uJ 

i(jr^_»_UO^I (j\J ^^JjLJtii ^jVl (JI^JlII tfjub JjO—.U^ 13^ J aU 

((<t^j.L^^l)> ? 6 9 1* ol^ljL>^Vl 4 JVju 'j3 j.^jjuJ1 jJ 

(|) EZimUthBl «4 j~I4 t nil» ^ 4-^X0 (JiJ (_^ 0 

(JS^ (j I jt-juaJLi . ^ X — y 7t. Lu-l 1 r Jexfl—ui^j X ! (ji 1 4_^ 1^ 1 Ly-^ 

iJlj 4^j[^ L^ a 5j..Ilj» a 4Jlj (J_i-<sL>. 3jl I r U^ ITl^ 4_Ilj 

:r 311 j j t'< U 

U/, m/ = R (r) (0, cj)) 

I ciJ^ ir "iTl 4 _j_ 4-^ ^j! LILLa (j^l ^ 4^L^j^I R (r) 4J|jJl 

Jljj(jjS:j Y/"^^ spherical harmonics ol^ljUJl oi 

. ^1^3^ ■ ■ ■■ IjJl^ ll^ 0*^3 3jj ■> A 



4j^q^ 1 4 /jt ^ i—alJ i^hi 

LiJj-_5c_JiJl 4 _j_ 4_^ (_yJl 4__fll_u3yLj (Spin j_yJj_tJLl cJiUl 

CjLj^^^Lo ^ j .^1 -^tl ^JlA -. .4^ljua 4-L^Lt.^JLl 



iSjl^SJI 1^1 Sj^l 


j ‘ “■ ^ .cjLjj^j—jSL!| ^jLjlJI 3jU1 

^1 4^j_3j 41j -Vt t, I jL:^L 

SM 

I. dlJ LiJj^xJtJl 4 jx^ LJuJjj t|4J9e^>Jl 4i^lxld 4jl^ ^*J‘“?"^' jj ■^"j 

1 Ijtnt") (_^J^1 4^JL>.J , 1 I J^JC_jO (J^^ (jljJjJI 

* 

Lj a (^j1jl-<» iS3^j 4j <1 ^ L^ .tiUjL! ij^LLa VULo 

ur 

jj^>JLI L>^ t M i M 4 Lusul L^Jj tjj II o miH 

4^ ^,'^11 CjL^ ut.tt j^l ^Lc. 4j |ju& ^1 VI - ^ 511 

ol oj III'^Tl 4 M t a 4j| 4-L31 III I t ^Jb l£l^l£[j4 (Ji^j 

. LiJ^ ^~ll 4 j 4 ^Vju jjujLj-dJI 4JSL4^ S ^ a 4 j 

0* 

- ^ 1 ^ un 11 ^ S t tfll 4j^.Jijjl^t CjLj.^^t ' ^ 

4^jLp ir^iii J S CjLSj^ . L (_^jl jJLi 4uxS ^La nj3 

. S^ ^ L^jLp I 4 I 4 03 ^ I ^ 


i(^jijJll ^ d ^ c-iJ^ 'a- ~ 11 4 _x 4^ L<a ^jj 

4jjIjlJLI (_j-lc lu^L^lJjj t"4 (j-u-^ jljLoil (jl yjb 

2 

. (4*.21) ^jLlILi j4 ^ (j^ ^ L>"W^ 4-iSL11 ^jl^lll 

Jj i4_jS1j_i-u^1^1 1 <1^ ^ tt~\~ a (j-u^ 1 t^tl ^1 ^cSLII A 

t Utl <L^j.^>J 4 j_jiiiJi-JJ . 4 a 11 ^LliJI V JJLC J^Vl ^i—^JJ 

4 o j 4 *4 j 4^j III '^tl 5j j4 4 4-1 jIj 4 j o ^ S jl. I dll ^jJiJLI 

:iJjLJLlj^l 

s2 = s (s + l)P (4.23) 


P J ' “7“^' ~- t j| j^v,Tr a ^-ise-L^ La S 

tS^ ‘4_j^^jlSLll tljL^jJLl (j-4 (^V 5J J44 44 A 2s + 1 



s , - s + 1 ,... , s - 1 , s 


(4.24) 



Cl Lull Lull 


. (4.22) j (4.21) 1(jlinjLtiJl 

‘ d :q 11 |U-d-L! |^JL 4 J s V * / jjljlII (— ^ Jj-S 

(^jl jJLl <Lj ^ J—jLiw^^ )4J1 jIj 

S j.^ljL4l JL^lj [ gi^n "*• oLd-^Lua^ <>>11 < / ^^-gSUl JJjlII 

^jLj->.j| g mil ^Lj-^l£LgVl -U S *g I 4 A ^IjLa . t ^ ^ 4 tt itt us 1 g j 4 

CjUjjjj— jJlj «L_i_uuJ 1 j . 4_ fll aJI j A oljL^I 

4. * j jJn11 Cil g ^ Id iiS = 0 ^"lii^ ‘ ^ ^ 03^ CjLjjjJj). jJjIj 

\j jt jIjlX.V| I gj i^itj d*». i^tl lJi 1 ]| (jv 

^1 ^LtI^ i^rL 1 ^ ^ I I g <.d i/zitl ^xg-A^i *— i^jmA 

Lft lilj 4_^ -^3^3 ^ 03 ^ l 43 l^Lgj i gi" -V g U3^j *'* ^L*JI jjJ Li-A 

v> 

i r» jjx. L^dJ CjI g uh'w u 3^3>4^3 OJLp^y^ 

-4 ^ ^1 «Li}^LIa CjL^kjJ 2 s +1 cIJLLa (jl Jl-^ (2.24) ^..Lai J! 

AjUs IjL^i . S^ 4 j g^AI ^ 4 JJl1uJLI d^ugU CjVL>J| JUJuJI u <t 41 

1 

4_i^ ^ ~2 t“A gj . 4 1 1 n )IIj 

1_^ lLILLA i_gAl S^ ^ »U>-^ ^ * j g < 4_gLjLl) L-di!l “t 

4 i g^ ^IJJJ • Z jJ gn d I . ..fILt jjg f 11 dJL^uJ 

l£]jj>o 4 jg^ 43^J-l 5j ^ g .U . i “ g j d 11 Jl^G ^jl Vj 4 K g t i 

4 I I ti tlLj t.\^.JJi I dL^ol 4 i g 11 ^g A 03^ ^ ^ dL-^i (,^3^3 

lJlI (_^-l£. I g jc_j_ua_p LLa LIjjJ 3 I (_yALll L^ 3 l 3 -Jt "i 1 i 4 ^ g^l 

4 jL>. ijjj-j^y\ ^ji . (s = 2 >» > l5 ' 3 O u3>-^y^ 

» + 

iJl^JI (JUj i_dil X 4_i^jJ,l ^ - A I A ,+ J1 aJ ^g A d gj A 4 jj S^ 4 jg^li d^ggg 

j k "tt" ^ jg ■ ■■ -^» 4jl >iU dJLA . 100% ^Lg-j-^lj 4 y /!l 1^113 ^ «j ^1 t. 

t0 

L^A L-dJJ Z 4_^jJ,l (jujl-LdJ (jlliSLgJLI .d^^-ijgJll S^ CjVL>J IjI'^'>- lJlJ^g■'^ 

(JIjAI IjLA (JLgIt>.Vl (j-uAJ \ g^l tj3^i3 







.S ^ L 4^1 Jl 4 ciJ^Tr~il1 Ak (jLcjj 4j (_dill j!) i n'^U 

‘ " H 4—L. 4 SJ ^ ^ "‘^ J ^ <LjJLa^Vl ^.J-4SLI1 U^^_p.JLJ ^ 1 J I in ti 


iSJjLxILj 


J = L + S 


(4.25) 


^ Q ^ '“Lh J ^ ^ ^L£tJI <iij^ ‘ ^ i (jI ^ I^"J 

CjVL^i ‘^1 t ^ ^ < J ^ ^ ^ j 4 S ^ L CjL^j^ ■ yj * 1 ^T) a L^LoJ 

^ * ' ^A 4^jLiJ J 4j4<n oL^jii 

s J L^jL^ OJ^ Jjia L7^ lU !l 111 4 


LLl-u-ojI j S :.Jz • J LiJj^JtltJl 

J^ 4-2l^^I 1,,^, iLrii.I ^ ~ 4.ttfkJ..i-u..i.!l ^L>JI Ljuaj! 


J 2 = j(j + l>V , j = i, I , i , 


(4.26) 


. 4 .jc^ 2 j 4 * 1 (^jLl^ t A 1 ±xa j 4 n iiiTL I J^ 


Jz = rri: h 


4_ijjLiJ 


m- = - j, - j + 1 ,... J - 1 ,j (4.27) 

_:^ L^ J •^Z J Jl^jj 


L^lj 


t Jz J J^ J ^ 5^^j-q-4 CjVL>. - ^ 3 a Juzw^ V ^ L>-^J ill L^jua-jfcJ 

4-.^Vl 3^ J ^ 1 CjVL>JI J—a-l>iJJ . L^ 4 J I Ij I A ^1 I—Jajl ,V 

1-^ * / J ni^ ^ J tl n jljLx.Vl CjI j a*v II 

^L>.V1 S J 4_L.<a^ljLj4-i / ^JUlU ^ q ^ I ^tl L^ *.^_^LIL!I ^IJ__i_uJI 

:*tnrt4 AJ^ ^*^3^ 


/ = j + I ’j“ i 




CiLuuliiil 


K ^ (J-aV jL.^-^1 Ij-jJi-^ tjj 

^ 1 j >. — ^juilj S!l 4 4 'O 4j 4^ ^jl M r.lj ^LLaJi ^ j1 

L^ljj,^-d ^ tj S ^ 4_^jj^^_^ 3.>^ L>^ iTlj i4-^L^JJ j<> L1 5 ^ ^1 f ,11 

1-4-^^ ^LLaj 4.^Lil!1 ^jJ_>JI L^ju^ 

>-ii^ ■>■ ~! i 4 J 4^ I 3^ J 4 U 4_4-J-3J1 (JjI mi 4 L^! J rtti Jlj^iJI 

. 4J^ ^ Jj.J3e^J 1 L 4 13 ^L>- l^i'v 4 1^I 1 4^4^j 

1 jl 4 "* r I (^j ^4 4^1 jJ-^ ^1 (ii4 (_di3jcj 4^Ll3j| JL>JI 

4-iJil j 4 4 11 4-^L^J1 j j • " a ^ ^ ;g 4^L^ 4jlj 

4-^1 t^ !i Cj II " 4 (J^ J/U aj J 4iJ til ml 1 I^ji 4 J 4 

fj] (Hamiltonian j-i.l.i.-^l- 4 JL-fl L^_ilb->.>L^ ^>SL 4 j (^I 
^4 f-j A ^ 4_4 j^ 1.\(1 ^_^j-4^l ^,*C 7r j i4_jLLxU j^-loLm operator 

j i a 4 L1 j 5 J-4^ * (4.1 9) ^jl ttl 4 ~ li jjjJLaJLLj 1—4 4— gjl^ J 4 

t^j I u ^4^jJa-L4^ 4 ^^4 l^j il^j 4 (^jLj^ 

IK # t 

i L-iJn 1 1 CjI 4 —J ui-^nil 3 jL)JL r t~ti i ^n 4 **■ J ^4 t n1 *11 

, LiU 4—1 ^ ^ ^ ^ I 4 O ^ ‘'^ ^ ^ 


jihsi\ 

jlI^ 4 J y^\ 4 JljJI ^L^l time evolution ^^jJ! >v Sj 

1 JL.»Jl 1 Ju^ JlI£. . L^ JUjI 4^j)lt a OjL^ I j] t 0-^3 

4 Atl LIj^ ^ 4_ 4 I t-*l] 3 ^^_j_4J,I 4 4 J SJl 4 JI_ i.u-4 t**" ■ ■■ < Llj I 

Lkj^Lij L 4 J Up ^ 4 ! , .. t 1 4 4 I UtT ^j J 4 H (JIjJlU 4d4i£Llt ^4_£.^.4^^I^ 

J‘ “ ^ ‘ CjIjjVI jj^ 4 ^L^^Lj^1 4S jS ^\\ ^1 . 4 ^LUn 3 ^u.4^ 







j n ^' Cj^L>JI 4^^.j4J3b^ ijU ^ i^j >l^jl 

olj ZlIIj iji \1^ ^ . complete set 2Ll_fl J<Aj (j^L^l 

. Sj j <tU JIjJlU ^ j ■^-i^i ^ ^ j—j-i-a-lJl < ii '>- tiJ^L-u 

t (j^3 ^ ‘‘^ <Lji_t-d 4^^ica_iJL ^4^ (t) 4_jj>.^l ^IjJI lLLs ^]^SL4J i^-jusL^ 

: Un Lr^! 


^ (t) = A, (t) u, + A- (t) u, + A, (t) u, + .... , 


(4.29) 


14 " •" ^ A11 (JIjjlIIj j •“!! A.]^ (t) (J.q.j>o '~‘j ^ 

^^ un (Jljji-Jlj ^ 4 j-v^i 4JljJl I i <>~i '(j- 43 -Il (jjiJj 

u-d^^_ju Lljf M tC j i clLlj Lijk (jJ I i i^C j)^ j t‘’itl 
it — 0 La ^^IjOjI tj-4j 4^1^^ Cjljija‘<4 LA-^1 (0) ^IjJl 

JljjVI (j_-<aJJl dJLJj ^JyJQ An (0) (^^-SLiil oiLaLA-jo jj —o juj 

^jl (4.19) j (4.18) ^j^jLaJLI ^J;^^ (j^ 4-J^ ^ jU~i.. (jl 

X — 0 y _«j ju_ c. 4 "i o_ t ii 1 >In 1 * 1 ^ T l>“^3 I V tc. An (t) (J_^1_aJLi 

'jtl^j....tl ^jLkJLIj 


A„ (t) = A^ (0) exp (- i E_^t /ti) (4.30) 


J A. S I — 4^4_i^jJL1 ^IjlU !n "! 1 4-li i n a ^3^ ^ * 

ji 1 Jub jjljj JlS 1 ^ • ‘t-* . a alt^n 5 \ m a Lo 


U " "*-j (4.29) 4jjl_iJLl _2 LiljL^ 

L^ J—^JJ K Mill jJ_3Jl I jub . J^JL.>J1 JJL-C. _c 


d I jj.uL_uL^ jL_iid^ A.lt i ir_ 

i CjVL>JI > lr-\ 111 (jr^ 5jJ^ ^ * (jl 

i “ '.. ■"Tl yA Jkjj-X — 0 eij'>- "iA ^j I ti*^ ^Ldib 

t — 0 4_ji>oj 4li^ ^Ci£j.^ pj... Ijj 1^1 i 1 j^j (■ Vt ill ^jL>.| 



C»LmiUijl 


JU£. Jl <U.4^ Op^ ‘ LiJj.:>iJ 4_L,4^J ^0 

Lat . X (t) = Xq + Pq t/rn ^ ^xidjJLl ji 4^lj t j^T 

L4Jb ^ P ^ <C X ^t . 4_JL4lL>>1 oLa^^ ^J.aljLjJ Lij^ j«£Lll 

. t j JlLc. 4Jn I 1 lI! j — Cfc.’tt I 4—j_4-£j I Ir^i <ij.^JL I jJL \ t^ Sc. 

2 2 * 

4.J 4^ j—uajJLl (_jj£a_tjj^j-4 1 4 A <!P *JiiL 

‘ ^^*11 ^ j ^ ^ Cj y..V C U oLoolI ^_y-4^i j-L^LlXI . t jLi^ "T1 


^-4 j *~ * V Ji 4_^ (jl 

j^jJll .U ...jJLa j>_SJ . <P^>J = <P^>0 J <P>t = <P>0 d ' 

mMSJI 4..4J^^ (J uai t IjlSL^ ' ^"V 3-^J ^ J t “n V 

r t~ il L?t. ^ ^VjU 

< X >^ = < X >Q + < P >Q t/m 

^ jJl i*j) ^ rt 11 LiUj j-Aj t^iXjJLl » ]r\ i n^xo 

jLuiluV ^ ■■! j5 A L-dij-3uVI . t-> ■ ..j" A . 4—I^L-t 1 ^L>J| t » 

4_a^jJ ^L!L4J 4jt ljUb ,^j£. (Jl—^ 1-^ tj— Ji^ 4 " ">*Vi 

5j-'>-^-^ l*> i^\ 4ji (_3-lc ^jj-i-Aj iWavc packet 

4 K Jli a (j 1 4UM > i^l^_^i.AJI I ^ Ci (1)~^ JL>-1_^ 4^ tit\ 4 “i 4 

4 J 4 ^JU3^1 cljijl jtl"ilVi t.1^ I UJ ~<-4 C_3^^-_ajJ JL2>^ tiiljL^ 

3-=uJI LiJ^^rt^l 

<Ax2>j = ( <x2>j) - (<x>t)2 ; <AP2>j = (<p2>t) - (<P>t)2 
^ J J*“J jLiiJij^i .U. ..jj“. A |ji ^Luajl (J^ ■ “^i 

: 4j jl >411 La 1 ^ 


<Ax2>j = <Ax2>q + bt + <AP2>Qt2 / m2 





IV n "< •j 1 L*t^ ^ j t ~ 11 JL-^JI ^_y^ b J^LftJLl 

j^>Jl L^l . Llib ^ j^4J 1 <L^IjGjVI 4j^^JII ^IjlU 

/y ^ 

1 1 t 0.5^ t4 j<i Jv^Ij ^ j._^V| 


^1 ^ ^ S ■ 4jlj^Id JUU (^Jl.%_ 1 lb djLuj j^j£. <ti I 

<(^ i"i ~ ij)) III -^11 (j1 ljub • LtiajI j^i ti Ttj 4 LjJj^ "■■ *■" 

,i'ic. t“< n i '^^ ^ CT^ 3-^^ 

. Lo (_yjla:ijl ij^j 


;»UI!>hUi 


Cjy^^ V (^) ' ^ g (jr^ JL>-lj Juu (_y£ tiJ 


<a i,fca 




I SjLaaIIj 4^juaIkLI Ju^.:^! I jib . (4.2) (J^Luu 

4_4a.j_dJl ^l..ij[j.I, 4,i,j_a..a d ^ ^ a l^\ a ... *3^ i-^l- > ■< *t j^jSLiaJl 

jL^ioV) 4 -i^ 4^1^ (jA^jLdXl (3 ^ 4JjLA11 (^yS <_*—^ 3-^3 .5^iti\t 

.(1 A^ i_ i t (33^1 




1 I jjX^'b i^j i.u.jO 4-^j.^iJI L" j_j_jlJj 

(jI 1.44^ • 4£j_jiJI CjjIj j-A E = K H“ V ^n^*4"^ ij-^^^^^3^ 
PJ ^' U^—^ i4_iJL_i_u j ^ ^ .^Ti \ ^ 3 ^ I*C = P^ / 2 m 4_dL^ 


(^^.LsLLa (_yi VI lLI^ “sr 'j jjl U" . ..j V E 4 “1 4 LU ,_t.\l^l 

1 X 1 “ ^A ^Ll^l ^ ^ iA jL^.j>iJ1 •"j . V^ (x) ^ E ^^XjiJI t 
(JiL^j 1 X ^ 4 “ *j V ^ (j^3 Liulj «ujV tj-1^ tE 4_^LUi ^ u 4 '^i 






CiIajuiUuI 


E4 



4j Oi,j 1 ^ 4 0 0 1/14 ( V (x) <U-Llj^ ^1.) : (4.2) 

■A^-^II + I 4.^Jll*,->t.Xt 4UX£Jt OLSUaJI >Xs»Uj E 4 4 ^ 1 ^ B[ 1^ 4^J.dVI iJa^Ja^l 


^ ^ ^5 ^ j ^ jj.ja ^_^l£,Vl E tJl>L^L!aJ1 jJb (JL-^ 

.4^lj^l L^JU-CU 4JJL.>0 (Ja^Lj ^LUI 4jL" Loj . 4 J 5 C 0 4 

.E 4^LLLiJ 5Ah;.. 


£jl t**" t V t^J^UuJI E| <C 0 4^L^J1 ^ (0 

.B j A ju£, turning ((J^-stjjJl m ij^ 5jJl 'fc-^ 4 VI LiJ^ 'jr'u 

tjL^ 1 jj.bound orbit jl_i_ 2 _« jl ^ ^>-=*^ -- o? jljjlIc JLSj 

(jjl^ i •! ^1 Jjuao-uf 4jlj3 ^1 Lo 4 l^'>nT •>'< 4 p j 1 u '^Jl 

^ ^ ■*■ “ . t A ■ U1 JuJlI^^ .B SUi A*!1 (J_f^j La^Lt^^ 


t-* A t WWij t^ljJljJ I i4^1j ^ 4 1-> A it I 

I <iiA aj 4 < nil 3 I ^ <11 ^ i^\a E| ^L^jl pu^jj pj *(<Jj? ^“11) 


. 1 . ..M^ 






jl^SJI ^1 6j^l 


I 1 ^Jj (JJ& 1 _£2 03^ ^_a, V ir (2 j 

unbounded ^ j ^ ^ j (Jj^^ 3 ^ uui.-■ j^ ^ 4^1 jl^ oL^L^j 

L . CX^ *j 3d^J •£ I i )r 3j? ^ ^ ^ c^Luj 

(j\j ^ j ^ ^ jl JLjQ j ^ 4 ilJLAJI C JlI^ 3j_j>iJ 4.^^^ V l—d 

pj ''' 3^ 4 -^Ijl1jI 4ia.^J <^kI 'V IjJ .£ J D JU£. 3j **“ * 

id jLi^. 4la^ ^1 '" 4 j 1^ 4.^^ O^J ^ jLuij ^ 

\SjA^ ^lj_dl j-La 3^ ^ ^ c^Li-u ^LmI ^ 

«V L^ c_dL^^ (.7^1 ^ ^If*. « A ^ t 4 j^ <^L < <1 jJI ^ ^ 

^ y “2 ^Cj 3*^-4^ 3 ^ pj ' “ 2" j~tl 'wM t I ^ t t fTT 




. 1 if. L -^-t-k# 2 31 juu ji i-dJj 3 ^ i^L^j VLa 1. 4^ 

‘(1) 3^L-*^I ^L>- Lo-^ IV j ii fl F j D 3tJJ i-4-x*a ^IjJLI .G 

ji J^lj ^1 4 -jj|i^^ a j 4 L < 4 ^LIo jIjlJII I J^ (Jl -4 ^x,.mj. .'^.H 3 . 5 ^ 


fJJllLj -3*,'3^'L^ j-^ 3^ ^^U>*.. ..j ^ a iC! VLa 

3^'^3 ~rtUiU 3jL^j 3^ 3^"*L* 3^ IuU"I<ij V 

. i ^ i j 1 '-^J^ 

3I alt^ > Jl_>.jj '(J^ ■'^tLi 3 *-‘ ^ ^ _4—^ £3 a a 1 t-» ti 33^ ^_ajLi^, (^} 

( J JLJ^ H Juc L^JljkV 3j ^"11 aU.5t '3J ^ J J 1^ 3^^^^"^ 

. 1 Iaj 3 ^^ 3 ^ 1 4^ij) 

jLj >»^ t ^ ^ a ti 3^0 (jj—ki? £4 4^1_LaJl 3 j-^ I .4, Uf. (4) 

(4^L^ V La ^ ^ L^l ^ bo 3~^ ** ^ ^ I lij i^jljuo 3 ^ * 

3 ^ "‘ 4j^ “'3' lt'*^^^ 3^ pj ■ ■■ "^ lIIj—> tj I j\^ *3j-^^ lisL^ 

31 ^ 4^1 4.^^ 3 ^ ‘yj ^ ‘ 'JL^j^cJLo 

.pjiii''»U ^ bo l^L-u aL^L tt" a 3^J<» 4jlj9 



CiLuwIjmI 




f^yi 4 (j 1 yJt Li^ tjl 2 j I I'»J I 4 

V E ^UoJI (jf 4 .j.^L^ ^ ^~~ * «Lij^jJ 1 

1 4 ij 1 4^:>^lj j^yi ‘^min ^LlaJ i i^Ti (J^ (jl ljul 

(^yLc. 3. \ cit 4j 1 . ..\tC 4 j <i4 V^uiJfi Cy^ E ^JlLLaJI ^4^ j^ja*^ U. 5 ^ 

jl 1 ^j a"< 4 (jl i ^aSUI IS^l£L lx 

(j-* a ■ ^ '*■^1 ^«■ ■■ ■^**1 j-i^_4J t 4j_.xJj . [ jl i^'Ljua^^ 

4L:^Ij X CjjI jjt \ aK ^i- 4 J V Lq l^Ll^ ^L^Ij ji-^j3 ^ 1 ^ 

i LaSLj_i_o^»LSi . |x| ^ I aK V (x) “> + ^ L-a fc^L^v j! <■,^ 

-SjL-i-d-^ (J^_ij ^Jl—A Q-a (^f 5j^—:w^l CjIjIjJLI ^j—a—> 

discrete 1 ^ j 4~4 4 _aLLJ! < a cjj) «■" 1 ^ j>Kj 4 

^AjlajoIa 4_^LLaU j '1^114—jJoJl ^_y-it^ i(c]U 2 .ntized 31 4^.4 ^ j3ti 

.3jjLa-4 ojyLAJ 


i^L>>yjaj i _Jt_ LM ^ _%_i X jg 1 '1 1^ _uu^llu ^ ~ ^1 jg **■^1 {^} 

(JSLiiu ^ L* * 1^1 LaJ^ V (x) 0 :^L^_j V i_ 4 

^j-4-:^ ^ ii^"4 < njt*>Tl tj^Su ^L>J1 ^JlA ^**i5Ti IjlA (4,2) 

3 1 ^ II ^L^jJl tl*jL^ llsj^ , E > 0 4 j a 1^11 i^yi (_yLc.Vl 4_5 LLx!1 ^ j 4 

3^^a4 ^4^ ^ V t AjjL^ (_^j ^Ji^j J- 4 VI (jl^ * ^in ^ ® I 

E <! 0 03 ^ La. 1 (f 3^La 4 ^ 4 ^ ^ Cy^3 4 E <! V[jijp 03 ^ 14.A ir 

ij^y V ^1 4 j_ 4 X CjL^L^j _ 4 ^ 4_^Lui V^ixiin ^ 

1 3 j In Q 5 S 0 L^L^ CjJlj:vj Ijlj . < E < 0 ;^jJLl 3J ja 4 ^ 4 ^ 


.discrete m 



t2jl9SJI^!6jUloA 


^ ‘ ^ j u **4tl ^ j ]\ udlJj^ 

i(4.2) (JSLIL 1 1 ^ '^11 (j-Lstia (jVl Jlju 1 

. S^iUkU <1Ai"A cjI^L^j 3jl^ j y * * 


.A 1 j 5 a 3jl_>.!j LT*^ LilLlib (jl E < 0 (JlUil! 

■ “ ■ A I j ^ A ^l_j>. d j ^ ^ ^ j A E| (jS^TlJ Lajij^ 

^-j t-NA t 1 j^j iull 4 rtUi i 11 Laj) ar 3^ j U ^IjJI 

Ljlc^I ~ 4jljJ1 cilij . B J A. J^_se-jJl 

L^^-ui 4jl (^I . B tlAjftJ A jl iiij (_yi^ L>dJ3 ^ 11 tj^LtaJjl 

^ JL^ ) 1 j 3jA U> i A J .:.. 'wt I 3 J Jtt-a 4 J1 I 

>a1 c3>—-< <.a '^t jIrt* IIIjj i LLa 4 j i n j ^jJ 1 4 3 i 11 f^yj^ 

. ‘ 3jj^la“y a 


t E ^ 0 1 j^ E j^j4 ^1 N ‘^~ 'a L Ajt^tl 

.4_iJ^^jlII ^ ^ J *^^ J^(j^aAJ 3^ ^ ljub LiJaj! LLa Jljw^ 

t_i^l^ 4JL>. CxJ^S^j La (_yjljLljl (j^j JlI^ 4jl .VL»^ lLUj J^jt i t uj 

4 4 j 4 3j^ 3 j 3^-^ L7^ CjL^L^JI 1 ^ j ^ j^-LuJuu 33^-4^ 4 j 4L^ CjVL>J 
4jljJI c-fjwL jl^ 11 *3^*'"*^^ 4 E 2 4_^LlaJ1 

' ..i 4 " A 4^j 4 *^4^ t f j (_3j^ ~ pHCkCt 4ji^J — 4 

(^1 jJl IjlA ^1J ^ j *1 jSLilJI j • JL^Ij 

4 jll ^ ~~^J C 4_laiiJI jl < a j 4_a_4^ jjLp t‘‘*j ^ 1 

. 3JJLSC.4 E 2 4^11^ I j 1 4 jL^J (J^i-4-^ 


4 t4 j^j(uM£L!l 4 j 'v.LlH AiA i ^^jLu Ijl^ (J^ 

4_jL^^ I t ■" i^aSLII l^^l *v j a jjLs'a .4_:^ljjl C ,V if. 3j> ~ 11 4 3 i 

jiu> .“..\S\ t J_^ _ '~^ _3^^ * Cy^ ^ 




oLiJuiLu I 


V (j 11^ » iI '0:i^j^ (jr^l 

Jl^jj Ij-^jj .^L^ VLd i G 4 IjLa t^“j 

(*- *j^ — tunneling i3^ j_J^ ^'■" cLijjljkJ 3jjl%^ a^iti ^*^1 

i ^ 1 ii^t^ j_:KL^ 

^ a ^ * ■ »j ^ ^mLq lIJLL^ ^ 1 ^ .^. aI >\ ^^ijjl 4^LlaJLj 

3j-^j^ the pEcket ^1j— aVi ^1 (_p3jJLdl ^ 

t4.j^j 1 ii^tSHI 4 -p^L 1JI .F j D j I ti^i^ 4-u I jIjLa 3 !-^ 

Kjli^j A 4 L^f .^L^Iil llUI^ _■ ■ “1 ^it->U t (11 

•>• *(j^j-II JJ^^-jAJ (Jim Vi) (-Jj—f-u-Jj _ LM ^ij_ aVI 4_t-Bj ol—^ ^A—sill 

' .' ^ VLa C^L-u l^JjQ 0~^ ^'*■ *J 

.(^^Lufgl (Ji>0 4ji,A,Ci (J-A IjlA ^jl .^L^J V La 

,3ij^ _*'i. 'L.yi ^jii,A,> J_i J,S> oiill 4J.J_JLl F^ 4—^U^l JuL^ 

yV j 'Kj j^L>> L>^J t4.^Li-uJl £2 4^L^J1 La-^ ^j^KaiiVlj 

.4j^t^ (3^ (3~^ *iL* 

4jl^J 4j^Ijj ^jj E ^ ^min ^UaJJI ^Ud (^V 4l"i aU £4 ^LLaJi jlI^ 

jl I .ijll l^4l ^jLSJl j_yS^Jj_ti5L^ 1 '^tl . 1 ^1 

pj ...■*■'! ^ ....'.!!> fj.uSlaJlj V La 

jJj tLuajI ^lj.u:^lj ^jjfK■ li ^aSJ! i^^lSl^A La| .^ji^AoJi 

fjyk \J^ ji I Iijli 4| 4 -ajLaJI ^Ij-aVI 4-a^^ tji (^1 .jli^L^ dJLufc ^ 

^jMiJ t*‘‘^ 4^ JJL. 1 I 1 J (^jJI JIL-.^! LaI^ jI t^■" 

(j-uSlaJj^ cAa^I 4l tfLr^L 4 j jJlI 4ji_3jJl aJJt ^j-a ^L^lll 

ijL**i j 11 4l dL_^Lj ljuj_A j^VI 


4.jl^jJ ^ 


^ cijjLSB^ tjl 


.t2T^.A^l ^jL^I ^Ij-A 







»s. 1 j a A cIjV 1->-» ^ * Ld l_iJL^ ■ ."il it^ 11 4^^ 1-i-A LlJ 

' rt it I ^j.j)eU a", A t 3 j^mi j 4 ^' cIjVL>J 1 

^j-d Vjj energy levels .-a w^-.... jLaj La LJLcj 
(^ 4 "« i.ill) J.nUI ^ djUn 4 . ,»;lLj .energy eigenvalues a^UaiJ 5 ^^^ 

1 gK oL^LLaJl alxjb ijhi *tJL j j c. 4->.j| 0 ml,I ajL^LLs (JlJ_ijJl (jL^ 

i^jJjLd i^V d ■ j u i t Lt - J 1 L ^jLtl ^JUa ij!^ ^ 4 - 

V i 3y j 4 4 i ^ i A cjLqjI tlL , i 'vjj 

^ jLljVI (JLlJiiVI) Jl 

^ A 1 .scattering .^. L" ..iVi 

(Ld * j ^ < Sy ^4^ 3j_il (Jl 'y d 4_djJ_a—d 4..^LL CjIj Cj 
S jlL* ,z.VI oVl 4 " >•! Ld .cjL^L^VI i dI" V d (*ii~ <^u" 
ajj^ SSjLLvj-j.oi^l ur^J 4.J)ILJI ^Ijl^ («*i"i AimjJI) 

. 1*114 ^jLlOU C, .l.'XJ I 3 W-^ C7^ ' 4 J^ 






5 


fSX\ 


LLjI jJ ^ tl Ijjb ^ j_uu 

4 Ir^j I II i*!l ^JjL.uiI 1 JJL.C Lr^ 4_C^.-<.uJ 
L^jLjLiJ jt tL^lj jl>. 1 ^*1 j La] tIj.i III'* 

J . ^4.£J I 4j^J^ Ij 1 Ja_^ ^ J L7^ ^J' * n ^ I 

ljub ^_y^ y^J~^ j^J <l 'V 

* m 4~J"i^ ^ uu 1 V I < u"w 



1^1 j.^13 t~^->i ) ^ m -^11 ^1 ~ 

1 1 ^ Ji lj>^ ^L>J1 tilij ,(3^LLsVl 

# 

■ ■■ ^ ^ ^ ^ ,'*'** ^ . .. 1_l15 V 

^ L>^J ^UaJl 

tLfJj -TT "ill 4 J 4 1 Tl ^ 

^jl“ 4 J o 4^i^j| 



KnKj .g O' 


uiJ^i 



hSjIgSJI Sj^l 0« 


lLUj / 5 a1 t-\l t 4 .j4_i^ 1 5 !i i,. a Li^J Ijd - ‘‘‘' 

^ 4^' ^ 4J 3jJaLill U^ 3j J ^ 11 ^I^Jl . JULjJI ^jL^I ^1 JL^I 

^ ■ “^’* c^jJl ^^^Jb p t^djjfcTJI 

2 

‘t^y ti 4^.4^ ^1 j 03^ (4* 13) 5t \i>^u ilU p /2m f^^jb 3^1.4.U **4j3ti^ 

'.^^^J^ (4^1_>J| 4_i^L 1I,I (JLl t iZ^a C-ljIj 

Up (x) = exp (ipx/ti) 


d a 1 LtU 3j. ^1 <v 1,1 d^ j3M ^Jt IjlA q] 3^^L^ jS ra.~A\ ^*v 4J^ 

:ljDjL>ij ddil^il ^j4^J 4.^4 _i^) CjIj 

- (\?l 2m ) d^ Up / dx^ = EUp , E = p^ / 2m. 

two - fold energy (jjt>-^ tii) J^L^til Ji^-V 

p Ldl d_^_ 4*\ ^ ^ ^ iU 3, jjk.>ij E 4^1 LlIL^ .dcgcncmcy 

1 Ju& (J^ C/u LtiSLdJ^ . 4 ^Lu ^^ O^ tjSLaJLl 

a (jljJL^ jL^jj 4jp9 4<LajLijOj d^l LttI LoJu^.^_^l!Ji 

.SJjLlIL ^jjtd 4^ k Lia. exp (-ikx) j exp (ikx) Ua 


k= \l 2m E/ti^ (5.1) 

^_A E d dil^l t d i ...iU t d dit-^i! Ay j 4^' 4-^4_j_dJI ^jLjJL ^L-tJI 

:(_ylajiJl d^~I \ 1 


u = A exp (ikx) + B exp (-ikx) 

E 


(5.2) 


^ _ 

Luul 4Jj (E 3jJL3e^ cLilL^ 4J t 'i J ‘ (3^^) Op^ ~ ^ 

* 3 tJpS A = 0 Ijjj .p =1ik ^_^-A 3jJLse^j lLIj-^iJ ^ j 4 ^ 

dailUlt 3^jd4 II ^LiJl • p — -~^k 4^L^ 4j 4 ^ 4 J 





Ldj.3tt.lll 4j jujL^ L^7 .5^LL-klt ^jOj.x4JL1 (j\lJL>JI (jOL^J 2jL^ 

(jdLq*! ».1 j jl i «^ili ^ji^J ^1 ^J^ : jil}^4 4 t 4j jj)^*<4 

. A A/ B B 4.j->-u1!I (_^ ij* j j ■ '■ * 

jj^ (_^1 ^L>J1 4_^lJi 2j.jq ^ jLftjf I it d y. /ti j 

LLa Ldj.^lJj 4^4^ (1>^ (JaIxo.^ Ldj.jfclll d j aCj 4_£LLaJl 1 ^ 

p 2j-L4.ll 4-4jlil 4 j%1JL 2j.^IJJLI Ldj.^ttlI1 ^j J n 1 1 ^l-»Jt t*>i j 

Cjlj ^LloJ 2j _LC^ Luaji ^IjJI .(4-.14*) 2 T n 1 • 4^.. ..t ^Ij d . ..Ij t 

4iV bold face 4lj2^ 4t iUi Lia p j^jJl l-IiSIj ^ .E = p /2m 2 j.l4^ 4-4^ 

Jl^ jj Aj ^ j 1 JlH 1 IJ-A ‘1^24 ■ L^" •" 4^ LLaJ I j I LcJJ < P A-stll I j I Jl^jq 

•^7—P ^ T " dl Ij\ (_^l - 4 __ljL^ V J^L -a- i l 

4.^Ljfejl 4JL3»J1 jjSlj ^p j3.jlt-4 jl ^ rt 4 ^ ^ A.-4 jLl^ 4_3LlaJ 4 j milLj 

IjjikLtt 1 ( 4 . 14 ) 4Jjlit 4 lL 1 Aa-LuVl ^..Lrii.! 1 l.,l^Ijj j£. 2jL^ 4.^1,Lai, I 2j.J4J» I 

.p cZjLaL^I 


9§ 


<A^I J JJLJ 


X jjji.ll Jjla Lrl^ 4 21 ^ 1.4 jj^d A t ill j ■ ~ * jl 4 J 

j —4 i jf Aj OJ ‘ *'^2 * jljLJiji . 1 ^ J U JU£. V j^i. I ^ I 2 jJl%-4 

(^J 2L:^ , V ^ '^l ^-2 jjj 1 4 ^ J "w i4_5ljlj.l j^ 4_) V (^jdl (_yJLjJLl ^jlJl 

^UjL^j V jdLu 2j^ jlaLij Jl^jJI 4^L^ jUl 2jH]l jAJt . V L 4 <, I^wja 

1 JLA j^ ifttSLil ISljtKjl ^j-j^t L^lj.C j -4 | 4 ^jJLjJ . jI JU^I A'iC 2 .V Mill 

4-£j 1 ml 4jjL4-4 4 JLj>. 1_4 J I ti 'w 4_jl A I a J jj i^ ‘ill 

jljL> j-^ 1^2 ^ I j_cjl2tt.j jl ' - » V 42l j ^_^-4^l |*j ...^tl jl cdij . 1 J ■ 

2 j I "kVI ^jlaj 14 J *^jll ^IjJI Li i 'V L^j^l (j^j—2 j jl>t T^llj ^ ^ 





X — 0 Ju^ udLli^ (jjl .jIjl-^1 julc. q\ 

(jjj ' 'v ^dJj-JeJij <II '^11 (jl iX — L JU£. IjIjlj^j 

(JS-lj ^ al U't 5^ j <vll 4_-ft_j_SJl ^jLjlX ^L_*JI (J^>Ji '(V = 0) 5j-5 ^_^l j_^G 

CjLjoJsIjjJI Jl^Jj L>a jJ n tj . (5.2) ^jIjlII L4^ LdLgj Oj^ ^Jj-Li^l 

i 

(_p3jGj (ji (jVl ^ tl)^ *1 j"iI B J A ((jLj^^jJLi) (jIjjIjJI tjLij^^l 

.B = -A * ^1 ‘^X — 0 JlL^ < . 1 U" t \ I pi BjJJj _1^1 

(5.2) ^.^1—tJ.1 <i.Vl » J i^ll Jajv^Li j-jJU£.j 

Ljl^l l^lj (2 jLicjLjj . 4 iTtlTLl 1 4j ij'^l ^IjJI '**' ^ 

u^ (x) = C sin kx 

03^ 0 ^ ^ <x = L ju£. I^1 i^ 4 >j J—>JI (J—^ 

U 3 ^ Lujua 4j ij'^l iJljJI 1 jji,"^ * sin kL = 0 

n ■ “M k ol^ I 1 A 4 J .71 4 j. 4 £[AJ 4.suj9ca^ c 2 jL nilLuaj4 


oo 


k^ = n7C / L, n = 1,2,...., 

^i^jU 3jJoLiJLt^ 4—^1 IxU ^ 'v^^ (jl 1 jL^oJ 

:^(n .^U JJLsJIj a ^ ^5^1 L^l^) 

Vk2 


E = 


n r\^ _T 2 


n^, u^ =\J -p sin (-^ x ), n = i, 2, 3,... (5.3) 


2mL^ “ “ L ' L 


.4 ^Llx« ^IjJl (Ja:^ ^IjJI ^jGjq fJ^Lxll jLl^l ^ 


in 


-»■ .^!l jjulILj (^ Ajj A 5^ j 411 CjVL>J 1 


.3ju2lXI JjiJ 4ljl3 4^1^ i^L^ V La Jl^I^I 

^jL-«JI ^1 ULLIs j_^ i)3^ cIjL^LL^I v. Lu^l! «l.j _i-iiJJLj < h-wV 

4 rti ttt 1 4 J sti n J) 41 "t LillwL^ _I i^A n 


;i ’^l ,A E = E - E 

’ ‘ n n+l n 


i4J jjL^I < ti U J ^^JpLJ.uA 





‘^ n 1 a 1 *n ^^.jljl^i juut^j fr^ctioriB^l >n$!T1 ^^4 <n 

I^^jJLud ^ ‘tA Ep/ E^ = 2/n 4^iL*JLj Ijj^^ ^t^^-L-uSLJl ^jUa 

t“<l'^lUH 4 _j..ux^Lj Ljjj^ ^^,WiA 4jI£^ t djl^n 03^ ^_jitU (>^^-4^ *^'>J.‘^^ ^jflT 

,(ljL:w 5j_^ n t*'n-wj (Lu^SLx^j^^ULI 

jj ' ...!! < .'t«»" A (jt ^jSL4J dl^j^.. itl 5 tl . »ti 

^ j^IjJI Lub U (jl^ jL^^ .3 j..j.jqJL1 

(_yi£. I It "Hti ciJj)l I II U (j^ • Od^ ^ ^ 

j'V'" ^ l^l it i3jl_l^ 4_^jJ,i ^1 jJl (1)^ 4 j "w 

.^L^jMJI |x| Lqi^ ^ ^ 


dlMUtUbt 

« 

JL>.|j E ^ cJ.^E ^ 4^ J A 1 jLtjVI L^IjJlLl^ J ^ 

^jl 4 _^Ij 5^^-^ <j’^J " '^'^ • (^* y» 2l) — (0, 0, 0) (J-L^^l 4 U. ii t Jli£, 4jL^jf 

(jl l5' C>^ "a 3j li^TI LiJj_36_^ i u 'kTI 

4tt .»tl fijjt 4j . 4 ~ iiitl (jij, li -^11 Ju£. LALcj 4 j ^1 jJl 

(JlJjjlj JUlJI ^L>. U LaLcj 

'.(jl Jl>uj * ^3 * ^2 * ^1 4jfcji*» 1^ 4 jLIj jIjlc. 1 ^yiiu 5 ^l». 1 i 


_ ti^ n" 


n 1, 


2mL^ 


(n^ + n^ + n^ ), 


(5.4) 


I o X n.TC X y n^TT \ y n^TC \ 

E„,.„y„3=\/pS'" (-f-O-Sin (,^y ;■ sin(-^z) 


L ' ^ L ^ ' ' L 

. JUKJ 1-4^ 4.su!ll)l ^JlA JL^ 



1^ Sj^l 


t^t 




^ A 




j harmonic oscillator t^jujLjm j-^ 


IJl^ ^ Itll CjLjS[ 1 0 1*.^ t dJUjLX. 

. 4j<ljit'<H 4'Lftj4 it. ^ LiiiM 


IjLj K 'j iF (^) “ ” Kx 5^j_5Jl ^j^l3 ^^^JoLi-) (_ )jlijOJ,! 

, I X J ^ cIajIj jIJ ^ .ft < Iij t, J 

4 1 1 ^ *< I i 4 i*iCJ I ^^l-:^^.~i I uVI ^ rt^ii^i I JiJb 

(jt-<4 Jlx£. cL^L» j ^^ ^^ ■ “I 4 J JL.9KJ La JlIt. ^ 5j 5 t L 

2 

i.ln'vV . V (x) = K X /2 JL^-Wl 4 ^Ue 3 . X 4 -aL-i-u-o JiLi. (x < 0 

11 li ^ I jJLS^I X jljL.d_a 1 4ft K ^jlwL-'V j • ' j 4 ij ^ 5 (jl 

i )i^j a L>, ^1 [ a \,,. ^j^JL^iJLj (jl Li _iSLoJ 

* 

I I A c_i_L^mi > LJ 4 L 4 J discrete a<a i ^ S[ JIII ^«_SL 1 I 

^jl—ftJLlj t—(0 ^ J " J-~ 


4jjL< a jl^jlIi 


1 


j-^ljLJl J.x 0^ u^l 

J_ 

4ii^ m I CO = (K/m) ^ 


2,,2 


V (x) = ^ mco X 


. iii^t 1 .-lL^2^l I 

(5.5) 


^ 1 • 


2 —_ 

Xq = (2 E/ mco ) 2 ^ ,x = -Xq j x = x^ jlLc. (cJil^uti^) J>^ 

jjt ajCj. ..M^tl ^jLlI ^LlII (2^^^ 

x(t) = Xq sin [ (0 (t - Iq)], 




|aSJI 


Xq j ~ aljL-jJ) jjL^tj t X — - Xq j X — Xq JlI^. ii > (j\j 


Ly^ (J^Lb Lo j>i gy j~'^l (jlj-J--aljlj tQ ^ Xq j'v 
^IjJI ^j iJii )*iJIj ^Ijub jjl^j^ *^LVI 

tiJj-st-jj faii 1 (jl >-^3^ (J^^l ljufc ol"^ J 4 j I j I 

)l_^f JJL^bJ itj. 

Iq Lai . L^Lu 4 Tc. i>>^j 4.^j^^Jt » »■ E ^L^l 4.^-i-uljj 

. (>- i-'w^i ^ (_^) (Jj-^Vl 4.1a_dJj III '^tl a JlLc 

4_^ijLtjG ^ ^ I ^1 I Jub ^ <=* A ^ * . i I i^jJI ^ ‘ " JV 

' W tij'j -i-lA* 

4_j4-;k^t ^^Ljljo ^ ■ i- 'I 3jLcI jljuj i^oSLil J ^ Cy^ 

2m E / mco 


d^u 


+ 


dx' 


u-( y x2u=o. 


(5.6) 


tfjub tE ^LLaJI 4 gu4 i jl." t.lL$ t^jLaJLl ^JU9b 

X Ojljjl 1 g 1^ JjJl>> ^Lj j) g /* L^t ^1 ft i«*u )> Jlji_>iJl 

lIjL^L^J mi'>- jj <WiS ^ (jJLlibj j! ^L^^LJI j-%j 

(j ■ ■■ '^ <jJ .U^ ^4.0^1^^ J ^ ^ «L^I j ^IsLij *E^ 4 M a g 

. 1^ X jl. Lgg ^ I u^\ Lg]^ J h ijL:^ Lil^ t h a fjf. [ "n 

6 '*'' ^ ^ 4-jl.j_u3JLj ^ ^ “■ 11 4^^ LsH ^^ ^ ^^^ ^ I ^ 

. ij^ 4U>j<u iTIj 

E^=ti (0 (n+^), n = 0 , 1 , 2 , 3 ,.... ( 5 . 7 ) 

"■ * ‘Eq =tiC0/2 dJjLStg 4^113 4j ' ■■tl ^j| ula^^ 

i4.^.iJb^Vt Uq 5^^Lg-ll 4.^41^gJi ■ 

Uq = N exp ( - -^) , Xq =\/3I (5.8) 

0 


mo) 



lSjI9SJI(^!6jUIoa 


ujL^ LLA ^JUJl^o ^ I Cj-i V tijLi_i_^ c*jIj N 

J^“| tVi iL^JjtJ fiL^lj (5.6) 4jlt>vL^I iJjljLlI Ujj i<L:^ljm (jl ^Jji 

* «■ ^ .. 

Luajf t tjLL^A j .Ul (J^ ^ t t~il j !1 

(JjL>» . E = Eq = 1ico/2 Lojuc ^J^nJI 4_2jLulII Uq (^1 jLi^^Hi 

(Jd-L^iaJLj Xq ^^Jldljl—Jl ^t iJjb ^L^TufcVl ^_y£.^<-«.ii t L 4..4 ^lLLLuo^ 0ja <i“11 

^IjJI ^1 LuajI '^0 3j^LJLl lu^^Jl ^ * 

JL>.jj (I Jl.A 1 1 ^ 1 * « <1 ^111 I JLu 

. |x| !> Xq 1 J^J I LT^ |<tj i 11 ^ JLcIa-l 


« 


(((^j^SJI)) c^jLjajII ^_^JLxaj 

(5.9) 


V(r) = ^ m(oV, 


(0 tF — - ICr 4^U dll t L^jl y *11 ^ jJoLJJIj 

3jl£. f_^l (c Jji^ajj)) (jVj . (0 = (K/m) ^ SJjlt^ll ^ 3 iU 4^1 j 


' ■ j ‘1 4j^.^jI£J 1 oL^ljL^yi i. 3 h V a ^ljL>.] ij^ . \ ■g'i aij 

(_yJl Jj-_litj jLjijVI (cSJl 4J< < n a u!-^ ‘ 

4 

(4_l^L»JI) ^' <uJl jJl * L^L^ 1 ^ Lil^Lftj juLjJl ^jl^l Sti ...t^l 

4_^ljJl JljjJlj ti^jLx^l ,,it .11 js^ cjL^LU cij>LiJl eigenvalues 

u^ I .(^jLvVl jLji_JI ^jJoLlII 5j j h U (JljjJl ( 3 ^ j «^ll) 

y ^ X cjl^ljLa^yi ^jjA jL^ljJ (J1 jjl£^ jui^l 3y j^ < <.ijVL>. 


3^_j_4i,l ^IjJlJI I V*ti \ ir. JUL.J1 S^^laLlXI CjL^LUI E^ Z J 

4^i^jJl jIjl£.^Lj 3j^ 44^ ^\) (x, y, z) ijgji^ j 3 '^>J jLftjVl u^jujilt 

3jJaL(i,l ol2il^]lj S^j^Il (Jl^jJl * ^2 ^M^l 4'>j'» li^i! 





\) = u (x) u (y) u (z) 

^r”2’”3 ^2 ^3 


E =E +E +E =1ico (n,+n^ + n^+— ) (5.10) 

*^r^2’”3 ^2 ^3 12 3 2 


. L>OJ J~a i4_ljlj ^J-A TT JTT !l -il JlC-Vl t**! J'V 

‘ 1^ S g ^ ^ .^tl jjjL_c.^) _lb (jr-^ * 't " *" 4_sL^ll (.^_>.V 

J .v-> JJL-Jfcj 5^ j 4 d 1—^1 4jbljLJ i*J L 4-4 1 L-^ * *1 J uoL^ 

4_-^^Ajl11j —*j n jL-^lj ^ Ijl.^ c-a^ "a -1 (^UaL^Jl p- 1 / 'X 1. v 

* 03 ^^ if! = rij + 112 ^3 

E^=t.co (n + l ), n = 0, 1,2,3,.... (5.11) 

- j_3.^ >Si ^ 1 degeneracy J5I_stiVI JJ—t^J -3-j (_;,-lb dXA 


J-<-dLv (^j n JJUtJI 4 d-il V A “11 — 0 ^L>JI ^LLUdUuLj 

\j^^'*‘ ‘ ■■ ■^11 jj.... . n I J n2 4.^Lj^ at ^ j -». .>■* j| ju£.f 

(rij, n 2 , n^) = (0, 0, 0) ol iJM^I jl^jj *11 = 0 

ill = 1 (^^"i 11>.4\I 4_i) II iIL j - Uniquely 4J ^j V 

- .^11 4_1 -JL ,(0,0J)<0,1,0) *(1,0,0) :oL4)>^ 4JiM3 Jl^^ 
J^LsuVI jlj 1 4 !^ i J^Laj *() ‘^11 i^jja (jn-%j) cIjLjjy.:^ ill = 2 

^j\JuA i^^^LuiX ^ •- ‘ ■■<Tl-t t nIT lpc a ^ A^LioJI (3^-^ t 

. 4 li li V 4 3y j 4 la ^1 j n 

L 45 4.^.^^! 4_jJljj 3~^(i)/2 <—)jujL^ VI (^^rL^U.11 4^L^ 

(5.10) J (5.8) (j;yJjljLLI t>4 


^0.0,0 = exp ( - —2 ), Tq = Xq = / 

2»-o 


mco 


(5.12) 


.Tq ^ h t Xq 4 j 4 I 111 |jjL£.l jLajVI jl j I III! Ijl^ 



•^ji9Sji^;Sj^io« 


U#«iC M j4t 


z j y j X j a~nj (jl^ I jj central <li 1 V(r) La JLSj 

4 LiS > 1 1 ^ j11 (^Jb V >- ulrt 54 r 4 4 Ju_l^ 

((4j3^j^ 5j3» (J1-5j LiUjk^ 4L-k5 1 1 centered g'ia)) JL^j^l ^Lj 

< ai^y (J-4-ju (jr^j .V ^ yy \ ^ir j-jutJLI 5j-5U Central force 

4 y f^\ i4j^Llj ^Jl 4.^^jJLi F 4 a j4 . F = -dV/dr 5 jlJ1ij 

t ^L_>ij 1 4_ll^l_>> 5^_5J1 ^1 4 iTi F 4 av J A ^ 1 4 ij > ^ '*■ » 

^jL^j ir 4 fj t a CjL^I^j Bjulj 5j.^l (jj^ ^1 ^j*v 4) Utl I 
VULq 4**< Ai i A i'‘.A .... ^jjl ujIlijlIXI • ^ ^ ^ ^ ‘ '“«oL^L^j 

. < In 54 , i^niit 


CjIj 4j 4.^L,^1I J lArt a ^ 

J-OJ JJ-*_A Jj->- 4^)1 ^ i CjLjIjJJ Cjj>0 ^ j t V> V (^3-^ JjLaJ 

4 J 4 ^ ^fL_5j^ ‘4 jC J . tl 4 J 1 i 11 Ijuk^ 4 U 5 i t 

ijJjLXjja ^ Ji u lLIj-^jJI 4^.4£^ jjl (^1 :L 


jl (_ 3 -ijiJ 1 j-Aj .Ajlj-o La aL^VIj jljLiil 4 _jjIj Jleaj 

-^■ ■■ M 5jLjaLt5^ L ci.ujfc. 'L^j" '•'l 7^ (—>-=«-) ‘jljJLI 

4La^l^ iS^ aLtoI JJl^c^ . 4J^Lj4^ ^^^Z-LJl-a lLiLaI .nnjl 4 

La j1 JLa oLaLmI ^| JjLglll cill .4 ^IJl5jVI 

.4^IjljjI aLkjVI JLgiiJl^ 'lS3^ a.."tl \ 4^j.g_i.uX - ■■ 


L>^ 


AaI 


jlj-g ^ ^j. 


“ ^ ‘ ‘ 


J>^ ^jVl 


juai 



Ju^U ln5!l Lill JlJ j , l jj TnU .^L^lJ^-5j Lj^Ij (jl *—djl_ 

1^1 JL^Lj (jl 4 J <~iir g I u 4_^jL%JJ 4.j^jJ,l 5j^l (jV La^L^ L^LmI 

al^^’iiugU J^t aL^I (^U j^ljJl ^g.iu’ij t^lj^l j^] tfL^l 



^ j -q ^ j “< ^1 J-^c-i (.7^ ^ J^J ...VCil Ajj .>^H cJl-l^j 4J 

*V * V La I ^ LiJjJ Ijl .<Jli!l 

m 'V 4it <^ij ^jJ! jl jJLI -a-VT*- 2J - L^ j-L^^ V dJuJl^ CjIjI Jua ^J-ja-iIu SjCj. -»-11 
udJj ^■"" ' “j Laj .<L^ljuj| 4 L> I iil^ iSjuJulII CjIjIjJLI aJJ^ ^yu yja iLa 

4^^L_ftJt J ol ‘L^ "' * J)l -a *111 i ^ i -a JuV 4'y jJj 

4-La i—fljju (jJ-)^ t~< alf Ijj (JjLaaJl L^J .iIjIjIjlII yu 

1. L^Li-u Ll>>j-^ L<a Lr^ CjUIjjJ 4 t->. ..Ij 1 CjIjI Jl^ 

jL^ 

4 !i 4_J J tiCjl i 

j^ ^L aj (jy^l L udj-jcJiJI 4_j—4^11 (ij^L!i]l 4£j,^jlSLII oL^jJLI 4 

i l.,i?lr..i>>jf 1 4..^J ^L2JI 4.^11x11 4-X,4.^ ^ 4 .^jL.U L^-iujLjJ9 

2 

4j^^j-a 4^jLiJ 4_ija£^ L ^ L‘' ^ '1J^ 4 ^jLo t"- ■ cLi^^1!l!1 lIjLi^jJLI 

* ^ y- ‘^^'*■" ^ Ml ^1 4 I t Mi!Lj ■ ■■' LL)^ Ii i ^ T L 

L> CjVL^ ^Li^VL iLii^l 4 a 1 U>iT cUjI ^Jr CjVI^ >V t ^1 

. z jji ">nli J—^ lLUL (jl j-pju Ll^j .tfjl"i V 1 ^LmI (^I L 

J m^ ^ / ^c^Lll ^Jl-C 4 —j— 4 JLI CjVI— 9iJ1 '>0 *— 


Jjj ir 


3^^.^LiJL1 4-3LI:3J1 p j ‘ ^ ^L> ulILla j ' “j * J (^<^1) LI 

^1 i_L^_i_i-y_^l t 4. 1 ^ J *cj^J 4^11 ^JJUkJI ^JL^ 4 ij t 4 

L 7 ‘ “JiP' jjukJt (JL^jJ 1 /4j \ <c. .discrete t njUII dUj 

I jl^'w 4l_3"... 1 1 cjVL>JI y\j y jj 4"iU ^lul^jjuL^a 1 1J n 

4jjV1 3^j411 4^1 jlJI (.ij^L>JI J ^ pSJI ^ufli L^ 

ijIiLUl 3_flLIaJI LLsj_« j_i_ii:j 5jj_^l 

.C1jVL>JI 



i^jl^SJI^jSjUloA 


m, 


-V ^ '^14 i Iu illj ^ iuI . .,t d a^ a 

jjulII Ijla degeneracy jyLsul , \ <;" ^ ^LLJl 

CjVI^JIj . / j n (_7l^ J^TitJ E i LiUj 

” * n,/ * ' > 

L^ uj^ (—jj / j n (j-uAj 2/+I Lajjlc u^ ^ 

4 j^j I M^il£UI 4_%-^j_li] J. jlmli (J^L-SbjVI I ju^ .^LWI ;j ' L«-^ 

(J^LscjVI I iuij .^LmI (^I 4 y "n ^1 1 ^ <j L dJ^ -a-"ill 4^i ^jU ^ 

^L>ijl 4j ^1 ^ 

cjVL^iJI ^ < ~ f 1 .n ^ *“ ^\j jjljlII ^^L^iuj ^y^se—udlj ^j.SLlI 

.ITly ^jjJJL*JI (j^ dJjJj-Lu^ (l;iJLja ^jj I 4 J 1 jU-^ a \ a '', . ..t I 

fl ^ 1 " ^ A 4.1^1 0jJt CjVL>J 1 n ^ 

3 ^ 1 ^^ n ^ t iciiVL>JI (jAj j. J J 4 lU n olj^jta jjl£. ^L>JI 

jJuJi - J^l fjL^ (jj! 1 ^ ^j. t,,4n) jLicjl jy*-^ .^LLsJI 

.^yi_LajuDVI ^Jjtj_u ^Jjjg ■ -"itl 4 Ij-al “ ^LLd 

« 

> / A_i^ L a ■.»til I n N t •!! 4 a ^-A A > IM i ^ 1 .^tl ji 
r^ min - - r - ^ - 

oL^Ijl>>L cigenstQtcs ^ 5 ^ j 4_^1 jJI cjVL^JI ‘ •"Jnj 

:4^l^l 4ji tH i^j4 3^^4.ll (JijjJJ 4 jj|_^ 


Vn,^=^/«(Yr' (0^^). 


(5.13) 


4_j .U511 4^i^l iJ^J-^ Lt^J ~ Cj^LaLdi q 4 

2 

(_^JLJ 1 4 J <r . L^ J L f^jji 5^ J 4 a ilL>. OJ^ U^ ~ 4_jJLi^.<-uJ 1 j 0 

A A <U1 A* ^jLiljO jIjcj| ^ 1 ^^ 4 -U (j.a ^ I <^< (A. 1 ) ^ t i 5 4 jSlI ^jLjljq I JlA 

3jj)iir^li 1 rR. ‘ ^ 'j »>»n ^Jj^L>J iJjua^Vl ^1 iR 4^ tnaJl ^Ijiii ajjl 


d^ (rR) 2mE 2mV (r) 1(1-\- 1) 

^ (rR)= ^ ^rR)+ ^ ^ (rR) (5.14) 


dr^ 


^2 


t,2 





CjI j t . R 4 j^.^^I ^IjJI / j n (2;\l^jJI L^J^ \ n a-^! JL^ 

L>*^j) ^ LiJji'»~ill 4 j.4£U ^4^TI jJjJI (5.14) ^jljLjali ^ u>itl L^Jj)! I III! 

^ 6 '^ * .* J j n ""j t(4—<nll ^jLiJ»1 j V (Hl^ L?!^ 

. E —> E^ ^ ^ ^ I oi^ |4J (j^J -H JJuJIj (J^a Jl 


s 

»f « 


Jl^ik ^jLjlJLI ^Ju^ ^j£l IJj^ (jLuiJ ^ ijlUjJLl^ 

^cI^JkJL 4 'WI "i A 4 t-tJ , ^ \ 4 Jl:>.V 4 j ^ , V^ 


j1 \-1 (3>^ LT^l * tL* O^ (jrl^J -4 j • aIj T1 4_j_aJ^Vl Cjij CjVL^JI 


(JjL^o (j! tf.j lj| LiLl£LaL i4^j'>- ,^l±ajj2u 

. 4~l'» 1^ ^j.4 jL^llJl 


gJll 44 jSil ^jLtja ^L4J rS-di^l CCJUBtion ((4£^.la.^l ^^mi)) ^ 4 < tn L 4 ^1 
:4^la]l ^ Cr^ a.j^ 4^uJij ^LLdl 

^40-^1 |^JL4 ^tl^llj ^ j t jj i^jJl tf j k tllL X a*11 ^Jl-j-I-i-uj (^ 1 ) 

*rR i^juua!! Ja^L>- ^Iju U (x) ,At ill ^jL^! ^^^041.1 ^IjJI Jju!1l^j ‘ «L4L_aJ| 

^j.4j .dJllA r 41^41 I i i£ IjlA i^TI ^ <'>J 

^ (X = 0 ju£. jluilLijb ^ Lo^ juL^I 4JLL ij^Sl\ \j, _<b (j^ ^ 

JulJI 4_41j — Iju^ ilLUI^ ^j ^Li^Vlj (2) -‘^^4 4 _JL_uJ| 5ll i^JjQ X j-^ 
V(x) + / (/+1) 1i^/2mx^ 4 _j_«SJIj V(x) -^ll J.t i~i.,,l^ U^ 

.SJjLLd 4j^$^ (_fi4J -l^dl 


Mtl4UjJI 

(_^J Bohr jj_j ^j_4 It jj (^oJSLll L£L j_)LSLjJL ‘ ■ I^ 11 ^ .il i .i^i 1 jlj^ 

.^1 ^ 6 Lamb shift ^'jl c^l 

ui^jjJl^I 2 jj the one - electron atom ,jj^pSLiyi 2 ju^j SjjJL jLuaij 



l5jI9SJI^!6j^IO0 


ij (jjjjSLIj ^^SLo 4-^jJa_La (jyJbj thydrogcnic atom ^ ^ ^ ■ '"-j Laj 

i3jl>.1j 4jjj)JLl 3jj (J!Lq :3jl^1j 3ljjj 

J>|JLJ 4 I I ti itlj . 1 jl£L^J 

l_^ 1 1 iiiLLa 4 ^Jl^ 1 ^4^1 4j^Ji^ 1 4 ^ 

^ gjl ^jjL>-jSLiyi ^_« (J_^LjuJLj tiLJjij i^LC.^juua l1jLu-4-ij- 30 tJ^ij ^jl 




(3tAjlj ijub * dijj qJA C^jI ^ "i I Lt^J-XJA V 

# fi 

i^LAll ^ ^t_4L^ L^L^JI 4-iSl]^ i^jji 

‘ '•^ tt 4^^^^ ^11,15^ Ct^I ■ “^~ ^ <Li,ul1JI 

JJL X . ijt-Aj . ^^|_j.(iJ LJl.j-^I 3^Jl 1 < >1^- I ttVl^ ‘ lull 

137 “ j' 

tSjjt 1^ 4 jj^ 11M lH lIjI ■x^i.'^r t^*ili (j! 

LiiLij3i fji ^ 4^) <1 :kjJJ 4JLi1ju£» Cm ujl t4-3a,d^J1 i^^Jt 

CjIj3.Xula j-^Jkj V <lj|j JL». .Spin L^ Jjtj ^,i^„STi 4iJi jrt >. 

^Jub il>^ t ^itl ^ *'t"* ^ lLILij^ IjJ ^L^Jl 

. 4^j ni iti CjUrjTT- i.^a’iJi JlII jI Jl^I (J-uAL iIjL>.lj| c!1jJlajj 

Vju LaLo-i 4 j^j-ujj ^jLljq 4^i fj^L,uVl j lIII^J 

! jLi^j" (II a (ji^^ . L>^JJ ^ J fl*< a -*■ 

4_aUI 4 1 j jInJ iVi cJJ < II a (^ijjJu ^ oIjLjJI^Lj IJl^ ^^y3 

. (J.A JLa ^Lsfclj 4^ jLi-d 4A2l1j-u-a ^L:>.VI <~. V. ■ it ^ 

i4jj,?u]I ^ CjI j^4Lij t, j u<i i LioLoa 4j.>al^ L>^ ^1 /U <L>-^^ 

(3^ <-i-Uj JLt 1 ^jjjLa,c OjJoHjI t***! .>» al«"tl aJJt ^Li L^^ic 

Kj A ij I a I—oLa^Ltlulj t4 4 <hL>. 3jj) i l^ViijJ 

CxjL^ La^ iCjLj^^,a]l^ Cjljji^Jl£LiyiJ ‘ “ Ti 4 j^J^j 4.^^a^TI 

Juyll .4-i.aSJI 4^Ikitl 4flM! , 1 j^G ^1 \a* 3 J^^' aJ,A 

. Jiaj ^ ^ ‘4 (.iUj 



l«kSJI 


4 ■it-i^>ljJ«Jll 4j^-J— cuJ^LII 3jjL)l J \ ).l 4 (jVl L^l 
,'ZjC *'*• ‘'‘‘ 4^lj 3l^ (J^^ m 4^ii^ Jujwj 

L^oi^ j—fl—iV(r) = -Z^/r j-a (^-ajJ^SLlI ^^j ^ <_iiill 

al UU ^ 03^ 4^llaJ1 t lijU ^1 |<Jju Ijl^J . Sj^iX f ii^l 

oV ,E < 0 idju^ll cjVI^JL Lr^ I—dj-ui Li^ LliSL!. E !> 0 i4-i>-jJLl 
(J^LcJl (5.14) ^ (5.13) j i>>T~i III\ ^jt Lul^uaL I 

J^l>. L^ i4^1j 3^^ t4jj.^^l ^jLiJLl - S^LU>M 3j_j.uJLi 3 ^ ^ ^Tl 5 ti ... a 

ill l^dl^-VCd iji cZjlj ^1 ^11 ^JL4» lE lali 4 4 o j 4 

4_^l j |CJ-d CjI j ^ *j • ^ CjL^L^ Jail 4jLd iLiUj . 1 j 'vJjjqj ^4Jj_i_L^ ^ j C j 

t"ii qi un I u l)J > 3 A jl->.I^ ijJLla eigenvalues (33 ji**^) 

* ^ ciJj.,^,"H 4J.-4 SJ JJulII LaJL^Ij 4.aJi 4 JSJ 3^pidLlLI 

1^ liX^ N ^ iN L 4-U| j j —'* LjoSjai (J^Ju e-dj-ui 

l^^UoJl c 3jUll jl jyjj A ^ii li ic . / 4 ^ J 4 1 ^ 0 lju£.l 4 ~ 0 

:3jj_uaJI ^ JJjlI ^ > 3ja.3JLl 4£j.^eiJ 

Z^ e^m 1 


F = 
^N,/ 


, N = 0, 1,2,3. 


2P (N+1+/)2 
(Ju-^Ljv / J N (j-nr a TT u^ll ^jjJJljlII I li o "i t*> 4 -^LLsJI ‘ 




JJL£. (.Jl^^JIJ 1 1 4 J IJl.^ .>1^34 L 4-4 




n — / + 1 IJLlj -/ (y-4^ JJotJ 4a_uaJLj -P i-fc. i P — N + 1 + / 

min ^ 


j-3a^l I JJl.sJI IJL^ i P LT^ JJUlI 4 i 1 n ilL 1 J!illj . ! JLC.1 4 

( 1 ^ J J I «~ i i l tf j_^jj. = n -1 

3JU.3JLI 4JL>Jt cjI^L^ 



cSjl^Ul^ISjUlcH* 


n -»->a ^ JJ—aJ 


*n = 1,2,. 


CO i±. 




t4jjl ^^Ljj S^^iiLiJLl oj. J aU l1jVL.>J1 / — 0, 1, 2, 3.,, FI-1 

iaUaJI .degeneracy ^ ^ 

jJLjdl ^ .-Xjl -^.3-^3 ^1 *^/ II JJudl I i c “i t" V 

11 1 4 \ ^ 11 4 i m <!lj 1 J n J 5 'V- (J-U^ / 

E^ ^ 'j*^ 4 j-4uiJJLj^ *L^_5L>^^ 

i^jja m^ JJlsJI I .^JLC. 4 •>- ^ j rt Tl U1 / -L^Lj 

j 4_i_jJajVl 4 JLjJ| ~ ' ■■ ^ C^-^J .5jL->.^i tijijiiitj / ^^1 -/ 

Ll^ V ^«-j j t/ — 0 d ^ j ^I 4_x_i__^I I ^ ^ " * n = 1 ^ 

L 4 .1 'ic.j (/ = 0,1 a j 511 / j i-U n = 2 (jj ^ Lo-i irj .(J^i__5tjl 

LoiiV if Loi.sIV,,j,-fc.j 4^a^ ^ 4 jjjjl—iu*j ui-^ / = 0 03 ^ 

kM ^ 

yLsupA n = 2 <LiiLlaJi 03 -^ *VL-(u>.l — ■!, 0, 1 I ~ \ 

(J^Lstj^La .^Ldl ill >Jl ^l" ■■■I u!i ^'}‘^13 Lr^l 

2 

i d^ — n 3 ^ 3 '"^ ^3 * * “ ^^ 




4_suJuil ^Jub ^ ic. ^ 

.n-1 ^ M l^ju I pj ^ (3^ 2/~i~l 4_j ^-'4.^ 

Jj't |cJ tjVl ^ \-a JS q\ ^..^JlIj (jl t jiyj ^ i < 11 d ^ Is /! Lj 

- ty i (_jl! 


1 Jl^ 


4^-u_aj U4_ijidjVl ilLsell 4_o>.^1 illjJI Llik dT'" * i— 


U . = u 

gnd 


1 ^B 

l,0,0~\/;^a3 exp(-r/a), a= ^ - ^b 


1i2 


me" 


(5.16) 


CijI *^| Q 4j^.L^i illjJI ^1 4 ~*JIj tt 'ac\ t^A OjIj "V- (J-^l 

^LLaJ i^Luj^ E d ^1 ^£.Jl4 

LLuLi-uI ly.^j_ja iT djLyj 1 j mil .4 j 4JL>Jl 

Bohr radiur ^ ^ ■■■j (^jJl a j ~ ^'ji inj u d 






^ ^ <Ll^b_JlJI jJLatjL \ A^ . .."^ A 

^ •-^^ "1 ^ 1 d A l<^t l t. ^ ttilill ^jjQ 1 / j n ^jjljJL ^ ^ ^ ^L>> 

^V o “f tj (Jl 0 " ^1 lIILLA 1 ^fl-ae-sti! (j-uLii ^ ') 

n 4-iJj iSS "''"^ 4^uii-i]l oi 3 ^j -n ^p.«lj w 


1 


( — ) = 1/n' 
' r 'n 


a 


(5.17) 


4.11 A 


(jjSu (jl dj (j.*j 1 j nil IjLA if 


^ t- 

t II I < itU 


2 

jj-~i j ^3 1 ^ ^ (jf If j ■ i ~11 ,(n /Z) a^ jjb n 4_^^l j 4^l^JI 


.ar, = 0.53 X 10"^ cm ^ 


‘B 

4 X i<^l^gJL ■"* (jl fd^Lu—i-uVI (J^ ‘ ( LJj^ ' * ^ ^ ^ (j^^£Lt jL-d 

3j jj 4-^lInl,! 5^ i-»0 4 4X^111 ^ 1 m <0 I • jLajVI *i I** ‘ “'j,* 

2 

Zc : L^«—lb vlri. a ,4 (j— j^-Tl^IjLj (j, .a .iJiri u 1. ^1 O—:^ (jji^^-l^JVI ^jL 

Z = 1) t-flj-xo jjL-£. L^jI (^i i L^ jLjuI V 5lj-iJl 41 ir. ut . 1i^/rn 4 .... «tij 

2 2 

6 (jl^ (j-^ ^ Cjl ’(j^l •*•(^ 3 ^ 1^411 Z = 2 

4l~i^!l . jIjuI 4 J cIijIj . jLkjI L^ 

2 

.t -- -tii-.^- I irti ’ . ti [6^j] • [^^] I t 

(j) (J.X > ».s. 4 I_I ^Jub (. 7 ^—) * ■I * . - — JLjuI 

^[J^] 

:4^l3JI jLutVl I (jjj^jflljLJl 

Ze^ = [^Ua] .[j>ls] [ ti^/m] = [isLLa] [length]^ 

^-Jt ^L-uJLl alx lb ^ J J11 ^LL^t _ oIjLj (jj- LiUj (:-Lij^ 

ol VI jLi. ij! iaUaJI l»Lai ,_>.*Jj (Ze^) / (ti^/m) = Z^e'^m/h^ 

j>j—3 j t^jJI j_5t_iJl i4_i_a5LJl alut i>fc_a ^Jlju V ljljL-C.1 <n“ 

-a (^JLftj V JJl£ JUu L^ 4 I^V t(J!iIL .(5.1 5) ^jLftJLl 


(j^< 1 1 (J^ . LjaLcj IjLib Jjjj j^j I Ad . li^/mc^ ^ 





1^1 6j^l 


^} 2>j j U Hi a <“ij't<- i y.. a 

< til <U.i.uJJLj jLjijVLj CjL^!^ 4ijL4^ 4j£Uj^ ^£.JUa j^jL^Jlj .^JUu^^JI 

^ ^^ Cjljj j^ ■*<■>! i',^ i“tV 1 t • "H ^J.AJU aLLa Julj ^V1 

cjIx.j_ju9^I ^ LlLaLtj jl2J ^ '".* iJ^Lji^I c^ 

t4j(jlj '~V * JL^Ij ^jQ J * “ < Lj^ ^ L^ 

^J1 ^ 4 j j ^j-j bi j ^jJi L^jjj 4_^L^ V c.<jL^ ji 

\^^\^jU 14 ^ p^i ^ 1 4_^ ‘"j 

4jLi£LI1 4jjjJ '» d ji t~*. fiVl ^ d ‘ “.* -ftj .‘^J ‘ 

-£j 4 a ■ ■■ '^ ^-t-j-ila L^ 4Ji t-iiA ^ ^^ {J^LjlIJI 4^j_iJI 

t l.an^.i.j > 4JLudLdJl ^Lum >.) 4~t <* a f u^l OjL^ IjI LdJjtS 

^J ii,r<..itu V Aim .it'ii fr(_yu!u Jl? (jf i^j-jLj ^jl VJ Ll^Li L4 j (Ljjfc (JL»»JI l_a^ 
< H M nj tyi <l 1^ j-^j-0 J^-^1 iSj-^ jLLt] 

(jJi 1 jW A 4 i » '^li lU lu A IjHaVI tiUli (_yJl ^LUJl cIjI^* III 4 

^ 1 : JLJ-^^ 1 J j ^ 1 I Jub J t ^ 1 JL>> I ^ I p-ui.^J 1 ^ i ■ ^ 

^ l}LuA reduced mass AJnSJl cjVjUII 


m =• 


m M 
e n 


1 


m + M 
e n 


= m 


e 1 + m / M 

e n 


j-JLl^i j_^jVi 4 ji 1-4J^ 41~ ^ M j aJi^ (j-a m (■*‘M •»- 

»IVI Al*i^ ^j£, < ni"'^ V 11 aJjSUI A^LiiJl 

3>-^^ ^ a 11II iT\-j (j5j->. 

(JILq c-fll LaLoj ^ djLi-uljjJI ilj-& 

Aj^^t^ll A11 LlLc-ibl I jl d»,' ^ j'*■ ‘ ^' Ijub 

a_^L^ aJ ill djjiJ n = 1 "i inU ^jl (5.15) til 





5 2 >j_a <lJjJJLI ^^-j-1j_^I 2 >jj n — 2 11 4^LL^ LqLcj ^ ^tiu^ 

ol l1 ^ ***J~^** ^ t^sj jjU ."il i>> al i* cliLlib . (Z = 2) 

ij\^ l^^^.JL^VI u 11 ml 0'XJt 6 L<.^ij L^j—au ^jJi yJt ^ -- ^'* 

.5jL>.ij 4Jj^l 11 j ^ '^JJ ^Jd^' t^J*^ (j'OJ^** ^ L i (j^jljSLJl 


i ^ 'iC. it i 'SB-jLi I oLjU^-Li^nj ^ fl.4.uJ 4^ 1 fall i 11 lLiIj^Ul!! 

»M 

4^L^J ^ "*■ ti 4Ji_u^Jl ^L) ^jL>-l 3 jJl1] LHjkJLjl^ 

• ^ i S ill I p 4^j.^o 4 j.»£j m 4"1‘'X ^ 


K = E - me" 


= / 


(mc^)^ + (cp)^ - mc^. 


ij ^. »-^T 1) 5^ jt !I sZj1^^^.4uJI 

cp 

dj.jJu^l *ix..i-ul!i ^Ju& tj ,'0/C — “ «!l 

mc^ 

ipjJLl LUl,K= p^/2m i^jjm ^jLjlLI j_yJI Jljjjxl ^* ■ 'j 

-V ^ l»LA (JL>.^1 ^jSLc-jj . p / 8 m c -*■ .^"itl jL>. t(Jlj l_jj^_Sj (_^ 

La ^cIu L)1 ^ ‘ dW L^n ^j. j 11 4_4 j^I c-SLua^ ^3^ 

aJJt Cn.i.u^ JL^ . 4_iJj (^1 jJ *^‘* ^JL) tiL^UaU 4jJL3e_) 

L^l i3juJ.j>Jl ^4^1 l£l^lSL^ J^Lj^ Jls-I (J-^ (j-A t~il ■^"tl 

y 

4j^ j < .1 i 11 4 .j:^1jl11j .<L4jJl^I l£LjjKja l^Li.u^ t“< n i n~^l 

L)l (_^ i LijLiji Lo^ *S-^ ^ jl <Lal^ O^ L^CLnj^^-LaJI f^ya 

e_4jt 4 j>>jjJL} jJ^Lt-) (jl^ .... j Tl ^ I'*- tl 


cJlUI (jV (jLio^-Vi ^‘^ j^vJVl cJlUI llH-Li^ (2^1 ^ 

. 4j <Q^^^aS[J 1 ^ tlCj H CjVL>J 1 SpBCC Lt^ (J”4jk-) ^ 

(^|» 1—^ cIjI!^ CjVL>J ^~ll c. <_dl!l cjVL>> 

<LJlLj tjj_>Jll cdJlj (Jj-la (_r^ «J^-i-u! <-^J j " -^1 Z La jj_=t_a 





= jm^ = +2 :(4.24) aJjLai jj_-jJl 

L-kUl j * < ^1 t^ ^V1 (>« -Hijij 

ttr^rt^ tl)^ . >t J T ^jj I iiilj 

<Jlj c*‘au>. i'P — f (r, t)T :5j^-i^l 4 ^jLl^ t. rX t ^ 

(Jl JILq (^jLsJI ^ j ■ tl 1^ t'^f 4^1.^ji^ f 

jja < ul 4i^ i-kill (jL^ tlijj .(_^-l£.l (_yJ) 4_aJ (^jJl ~X i!^ 4 j r.Ij—^1 
. ^ (r, t}4^ • .^tl ^jj11 ^jLkltl t I LijLb ^ 


:5ji^^_l^I 1-4 d j*w.j1 ^IjJt Q ju t4^L£. 


'P = af (r, t) T + bg (r, t) i 


JU--^Vl Li^LiT .a*a + b*b = 1 <^1 o'^^ b _j a 

^ b*b g*g j a*af*f Ua Ji^t ^1 ciJJij cJlJ 


4Jeal, ,iji,i,,i ^iLjua^l 3jL.4U.JtXl <1^. j.,. Vtl ^ 


.a*a / b*b 


^1 ^IjLjJI o'^J " ^'J <1 aIU> n j ■>'11 d ^ j )iTl 5U ji ^V1 

(-kUL i * ■" V L^f 1^1 ilJiIJI (.7-1^ ^ ^V (^tX^ 3jj^i 3j-^l 

• 1^ 1 4 j 1^1 

tijLu ‘^ "Ij^ll 4j£lx-4 d j>^Lil4£.Li iS cJlUI (j3^ 4JL3 nJI aJJt 

S 4 .^jJl3 3 ^1 Un 4.^1 3j.j 4 ^ CjVI^ ^ l>^3 t4-^LLaJl ^ 

^ (.yjJI 4-^1 Ull 3^ k 4 XI 3tl ^1 jc_ilaljjl ^jpX . M^L-o Z * jjjtjo i^\ 

v* 

V| i jLlTu* VI L-kUi Ju^Lj LaJU£. ^Ul"" ^ < 3lt jl MT 1 ;^1 (jjJ 1 (Jj) 

luLj_^ Lljt 4 I ttjLjJL.>tJ 3 .< n t inli lu 3^ j aU lIjVI ."kJI JJ^ 

LajlI^.^ .E ^Uoi 3^^L(XI u (x, y, z) sy^ <>11 Ujl:^j jl^ * 3 itl cjIjLu^I 

(j^l ^jljj^"i i » Uvt j uT ^JLa (JjL-u 1 (_yij 3 (_ 7 X ^1 (^1 <-3111 Lj^ fi c i 





JL^-^ (_y^ Lilj-JtLo < II -^1 (ji . E ^LLaJI jjjiij I U^j 


2 

tE^ ^ E :<LilL^JJ ~ j ^Ljj^-LCj4 ^Ll]L>> 4j - ■■ L_aill (JL^jbLj 

2j-^mi cjL^LUJI E t .u I j^jJLj L-4—^1 ljj_u! 

^ •• ^ I n ^ 19 

.^4£^jJ,1 Jj)^ '>lt 4 1 iiiflL IjL^ ^jl VJ il J^Esejl 

4ul£. (in E^Lu^i EEj cjVL^JI ( ^^."X~ ,j\ ."g.Vl cJiUI j^Uj 

jJl cJdJI Oli-^ EJU£. ( JLHI J JU *( (jr-^ I m m LT^ J-^Ui^ 

n,/,ni^,m^ 

5> icJLl ^L^til ^JjLc^ 3)n S*.^ 19 u I ^ 1 ~ U , T ijli (-EI 

jj . u - '-J7 n, /, m^, -1 n,/,m^ 

(j-aSJl JJljJI (_^-E 3i 1 <1" * a j j r (_y-^-3 4_3LLaJl El m = - — 0.5^ 1 a, ^ 

.m^ 


. ^LEJl CjI^* (II A (jjE V I JlIj (L-kUl ^V V Sj^l 

4.aic jJb E (4-j.iijUll cljLu^tjjJl (.7^1 (^1 Elill ^.^bu (jt jjl iljJL%j iEu5 
[jLU ^jli"i(.irij lJlJJI ^Jy\^ 5a.4"t^ ^JJL>*^ LT^ S4.3^2:^l ^J^ 

4_L<3^j_dI1 ^EJI ‘‘^ <>.jVl ■.■■ (Vjl a3k.LlI ^ scjq ^ ijl kiiiaJ 

Ejl 1 £. t*’jajfcj E jEIUjj (E ^ ii\j‘»-'',A spinlcss EJ ^E 


^ ■.. jttl *.* tl ^EJLl 4rc_jj . B ^ 1 a" t A .. iELi» A ^E-ja t"-'*- * LjEjI 

c^jEs J-uaE ^ l-u-uL^ Ijl>> ^jLE£.Ij (^LEU 3^^a.U 4 <i jn!! ^jLua (jr^^ Lr^l 


((E^ii i'tll .fJL^I Lijj..%lJl 4 j 4.^j_dj B 3 jlE 

4Ix^ 1E3I t (j Jjaj^l jl?>J 1 Ijjk * JL^I ^EijI (J^E ^ 

; jjfc (4. 1) 4 c-uiH 4jjL*-a V^ a^'EI 

eR 

— L (5.18) 

2mc 

i<4j_^ Ui>ill)i ej j fl U 4_a I fl!l ^jL- 1_a |jl (4-.22) 4—1.^1 « U (j-^ fSj—^ 


tj j aJ,l JljjJI iju ai L^J (B Jl_ai 4_!jLail i^l) pcrturbcd 

JLjJLl V .unperturbed ((4jjIa-^>>^» La.^ u , 

n, /, m I 



xSj\sSJ\xJ\lj^\0^ 


^ ^ iCB nrn^ 2mc jIjlL^j oL^L^I ^jSL! *^3 - ^^ 

G f 4 _^L^ji t-tijj “ ... A ^1 ^1 .nif li jjljlII v\t ">■ x\ 1.V 

• n«/ yin I ^ i m, » 

m^ L?-^ ^ (^ *“**} La3 3' T'B 

:^jLjmj E^ I ^ ol^UoJlj 

etiB 


E' 


n,/,in, 


= E ,+ 
n,/ 


2mc 


m/- 


-j ^' -jUi liii m^ N ^ ‘^jl)I <^LIaJI 

l^l^j .d_Al"^A oL^LU (2/ +1) sublevels ■■■^ ^1 

4-jxSL! jjl^ ^4'■■' \-A LlIL^ 1^^-jjGJI Ijla 4J (35^ ^<• JL^XI 

lIiIjjj" III a *^(j! *-^>^3 u iNjULULU ^JUlIL m^ udj ^"itl 

.Zcemmi effect <(^L4j3,^^tj» * <ut>Lijuo 3^^ ^UoJl 


jjyjQ t4.j4JJL2Jl 1 JjlaJLj tfljj.£i j La 

^ LIl?^ ‘ -"« o^\ <jU: 5 spinless era ilkJMJI 

j^\Jjj d su" 11 .■■"tij cj^LSLuiII ^jjs L^3^ 3^* .* *' idjLjju^l 4 jjJ^ 

t’i'Kjjial jl^ ^ij i-oi!! 4 j ojL^j .^^Lc. 1 jj^jJ,! 

(5.18) ^jLftJll :^^LjJ1 j *>- (tl cJlUI CjIj.^G Mill aJJt 

udj.^0 4^ 4 ^ ...jUl *• A Os* (j~^ Ltiiij jJI 4^1^J1 JL^ * ^ 

^ ^ * J ‘t^ ^ ^ 4_jU9 ( L^J ^ ^1 

Lif^-se-jJI d 4 ^ jUtI'.• t' 3L_>JLl (JjLa-o ciiLij^ 03-^ ij^ ^^^jL^iL) 

(5.18) ^jLm LiUj CaLaj 4_i-ttij JL>. j-Aj (((^yJjjiJLl) (^jljJI 

(j-u,x>- jl jjib i-* 'L^ (Jjt4 S^ 

i>JjLj>u g^ 4^^.L^ <JJ (J^L«-4 L^j-juajj jJl^JI 

B JL^I ^ lJiUI ^LlJ MiiA-A (^LiiaJLl ^LL^I jj>. 03^ ^^^^3 .I 

eB 





(_ylJjJI ^.Lande factor (c^^juV JaLo g ^IjLJI 




* fJjttljLlt Lij I 

^ j ^ »*tt a 1 t^ti > oL^L^JI *L)^1 ^ ^ *^1 ^ji^ 

: ^jLlJIIj i^Qjl <Ll^i^aj.»a 


E' 


= E^ , + (m^ + gg m^). 


(5.19) 


n,/,m,,m^ n,/ 2nic 

A J 4^ (^JJLC "< < ti 4 ^ I n jUllHi ^1 ^It L7^ 

sil jjL_c. JJuj 2 JjVl J>flL_mj *2 (2/ + 1) = degenerate ^ I ^n 

(Jl 'xll J^4—Aj .m^ ^ ^jljlI ^_^L!lI 1 m^ jjl-&U 4-^-tL.:> iH 

U tr^U J-^ ij j" t »II i jut LT^ jULUJll 

• m^ ^ m^ ^4£L!I ;^jjjij (3^uuu oL-itLL cjlj <ll 

g^ = 2 g JjjLjJI 4 a j jl j.5h I a j-La l.jU.C. Lo^U a j^! JloJ 

^ cdal III I t ^J M4 4.4U^i ^jjt l/JjC .» 

4jjLjL4 ^j.A 4-^1^ ^Ju I^LaIj 4 <tj nil ^jjt <^Lu^ t4^ i < d ill ^jIjl^ 

^Jb 2 a^jLkll 3 jJljiII1j ^ aYjU^ll CjljLi^ltVI Ji^t JIL^j liJI^j 

4.j4-j^U LjaLxJ 4jjl utLjg Cn o-J 4-4 -j-^I (jl ^ t(j^jJi f.o jLi^oJu^l lLUj i^caj 
( jl 4 Ml A-iU ^jJl j LjjljBjJl (j-a (jVl >—3jJLt (jJtifl 4 jj£^j^1 

g^ = 2 X (1.001159652193 ± 0.000000000010). (5,20) 

cIj1j,^Lj (j^ I Min (J^LaJ ^ .^tl (Jul.u^l Jj.j_>JI 

Luaji 4 Ml A. \ 4 ^Ju L^l t it ^ (jSL^J CjI^^,^L 3JI ^JJt . 4 .J. 4 SJI (JL:>iXl 4 j^^Ji^ 

2 ^ .^tl JJlJlII (jVl 3.' ^ * Ll^J L>^ ^ ^ V 11 LjqL^-I ^ a a' JH LtJLJX-liS 

jl^VI LiJl^b 3j!^ (3^ ^ L^! j^ ^ jl'v ^ \luj^ gjl t’lf.L 

fM 

• ^ ^ 1 lIHj ^LuC^I 




uSjl5Uli^l5jUlOo 


_)? ^ cJlUI t *-* 

* « # 

ljUb t Cr ‘ “J^^ J '"■ jj* V 

^l_3C^ ^1 I_tl_j_C. (jy^^ idl^oiLl jLL«-uVI <^l_La ^ •*- <T1 

^^^J.JL^ (^jJI juj>.jJ 1 ^ ... jt->l tl JL^iJLI (jjS^ lj ‘" ^^ 

^Vl 1 nII rt)I J j V “t 1 (1>^ .3ijj-LI (JLsJll ^_A (jjj^JtiJVI 4J 

(jl 1 iII (_yjJl 4_jj.j_tjijJI (Jjj-^ejJI i.ZjVjLtJ, I fl il^ ,^jji^-jSUyI (_yl£. 

"Xtyi ciLIj i^LLa 1 1«> 5 g _L^ ^ V i(_^l.JiJl jJ 

LcjJj tljL:^ 1 j t A jLae^ (ciJj-seJllI 

!»■<.nonvanishing (Jjlj j.^) V ^ 1 l»a Loiajl 

a 

^ ^ ^ c. 

t^jjjjJi^LiyI ^ i^jUtl ■ ^I JLj^I LiUj (y^ ^ 

f_^Li.£3 . t J J^ (JIlJ^I LoJlIc. LojLuu a\ ) Ml ^Lj i^JbJI ^^yuJu I^A 

jl»JI ^jL^j)7j.l4.al4ll ij i>n"n ^! j,!i^ru lojft iJS >>^^3 

^(r)|L^S^ + L^S, + L,S,|, 

CjljjJl Lt^J I 1^ '^tl jLjI^I ^ ^IjJl ' n “ *" "fc. 


‘03^ (JrtZWJjjL^l 4^^"i 


^(r) =■ 


2m^ c^ r 

t^^jljJl LiJj '» ~< n 4 J a ^ J t" a (j-A (J^ Ly^ i»J 4-^Ui:^1 JL^ jjl Laj^ 

jJLI — a ill ^L^l ^ 0 I in 4jl^ t L-4-_^_i_uL^ ^j^4j i 1! I j (^jf-JLil 

(_y^ J-i-jy i^jJI ij j -. ...’.t l Jja iJiJl spin—orbit interaction 

.^^-uiTLa ml 1^1 1 ^ 1 d tJ < dt i.n!l Cy^ ^^*^'**"* 

4ai£. ^ (JaLc. ^Ij^I ^ ‘ (J Jl^ 

. Lsusc-i^ L. J. Thomas (((j-uLo^)) 



tail US 


I 5li ^.ai .t a ("(i o fn") ULLLs S^ j Lr^ ^ 4 i ^ cL^L^I 

L^ ^ LiUjL^ jjii V L^l VI .t^jljJLI - ^^\ j-iLLlI jl^ 4_flLLaU sjn-ai 
^ i J = L + S L^-4^L^ ^]^!SLa-I.l "JI 4 ^.a^ 

(4.26) (jOJjLiJLl 4 _j.£i^I ij ol—u-^ 

4jl ^jjl 4-a^^L^Jl . (-dj_5tJlll ** j n ^ ‘ ^ * ^^^JljJ (4,27) j 

oVL>- (l^T) 4 < u d*i dJl^l 03^ L7^ ^LLaU CjVL^I t 4 1 

2 2 

^ j ‘ '1 ■ '■ *) ^ a 1 U! t Aj ■ ^H lIiVL^JI • J J J ^ L. (J^ 


4 J 4^ T LJrV j 4 ^n ^jjJJL-*Jlj ( I (^jl j4i JJUJLJ 4^ 4 (U . • 

(4.28) ^jL*J,l i^jji ^4-Ltj .n t u j\pl ^4^1 JJL.C.J iiTij j j 4 jKTl liJ^ -* ~ttl 

. / = j + — , j - ’.(jh."! 4j 4 VJ JL>-Lj V 4.^jLLja j (^V / ^4^21 JJL-C 

L Z, 

^jl (jja tj-^-ilj (J^SLj ^j^ LijlSLoL Jjua-i-a ^JutJ 

cjlitLLxIl V I • iTlj ^4^21 jjic 1 4 " •* ^ ifi, /, j 4 ^^Luu 

,2j + 1 (_^ (J^A_5t_lVl 4^jJ t4_5tjU3^1 ^^LiiJl / 4 S 2 I j1JLC.Lj VI E I ■ 

- * ' * n»tO 

L^JS 2 ^ itl, /, j ^4^1 jIjlc .1 2 j + 1 J^'LsejVI cZjVL>> 4^j) -a ^c-ml 3Vi 
.multiplct IjJuujO L^:>. u^LjlaVI ^ j » La ^ (. 7 ^ lJlLIjc3 


JL-^-j^I I— c\ . (.^jLj ~l-*>.VI J '^li III I IjlA ijL_?EJ 

JlI^. IjlA LLIjI^ JL^j JV-seji 4J^ t(_^Li>. 

J '•*- JJ d ^ SjjJJ 4j_^^_a_L^Jl 4_p^l 

ki» 

Jl>’^ ^ i^tl 4^^l *4^ljLLi ~ 4.^^UI^ ■ “*^^ 

n ^ 4^1 .^JlX. 4.^UaJt Cjlj^JLui.ja JU4 Tt-tj i^LS :n 4 j-^a 

* jl u f VI 4 ^Lu 2I CjLsu^c.t^uJl Jl^I ^ >1 j4 1 JL>> ^1 IjlA ^ 4"<iiij *^Ud 4 
S 4 -J 4 ^1 j ^ 4 -^ ^JL^J fj~A •-t.l n ^4^21 JJLj 2 3jJlomi oL^l^JI ^ J t ~i\ 

J ^4^ (4>jX.j_5 hi 4 ^_yJI (3V-3 jV 1 till j jyj Ttei 



kS jI^^I 6j^I qd 


j a 4^ I . j = n - "^ i ~ ~2 Cy^ 5jl>.^1 

ijLi-Aa>.Lj *4-^1-L^I / = j ~ 3 ^ “j O^ tJ^ 

t^jjLc, ia" V E^ oL^LWI tjl jL->iJ ^^LvI 5jj 

^_jjLi!l (J-ol-jLii (JiUj '* ■ i 2 (2 j +1) ^ JiL-5tjVi (^^1 

3 JI JJL£ 2 (Jj^l ^J>qLjl 11 i i*ufj I A U t ITlj |«S11I ^JLflJ t / ■vl i^U 

*5a 1 U.lt A^^J *-^^1 'J JJUlU ^LiSLcII 


E . = z^e**!!! [ 1 + (Za^( 2n - J^) ), 
"'■' 2V n2 2j+l 4 


a= ® 


2 

tic 


(5.21) 
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,4jjjl. .uaJI 4-pjJ1 3 __jk^„l"i_i |»Lal A ^1 


•L7- 


^ < JL->. 


jljIj 3iJL->>jJ| (jfjt «»" ^jj a J 


1 j| 4a^L^ ^LvjJu ^ J "*■ .^*tl I Juft * (^^) 

tl)3^ o^ tijjL^j . 1^J L^ Z (__^jjJI ^jukJi ^ 

iJa^i ■>< 1 ^ ^6^1 "' djjJl L>aL4-i 4-LL^ ‘ ...iH 


(J>Estjl j^jJLl (_j_iJi_^^l ^ A jCTI ^ 4\l,i (_yi£. 4 - 4 LIII ^ 

4_pj-U lLII^J I "n (3-fl-JJ iiillj ^ 4 .j ^4^ ^jLj>.y / 

I i>>jl J.4_i"u ")T Ii "< 4 ^ 1 ^ * J 1 ^ tl ^ (Zee)"' 

1^ J * Z I^jj-ll JJUlII 1_^JlLc.J L^jJl tijl j ol -y \"}r i^"tll 

. 5j-JJLJ- 3 t_tJjJl Cj 


jjj^l ^ 'y * 4 i 11 ^j_4 4 A 111 cjLitli^l fj] 

I 4 c jjl j i tiU 4 4^11 4 J J '>JI ^ ^1^“* Luft .^LLaJI ,j.uL^ ^j_a 

_ 9 JI ^^ 1_^ _ 3 JI (3^ ^_dL^U _d llILLa 



US f 


^ ^ JJulU 4 rt,i'i'a-,a 1—^ ij n 

tia^ [jjb JLji^jj • (Z — 1) tj'^JJ‘J-J-4^1 n = 2 CjVLl>J1 
•0. 0 = (Y ’ 0)’^ Y ’•)’ (Y ,1) :three multiplets 
(ij j-_>. tS_i. ,P_L ,P_i *• (j-A 1 i I (jj Lc, 4 ^ j ^ 1 ^jj 

V .j 4-a ^ 4 _IJ i Ijdl Jl lujt j _j^’iij 

4 / = 0 J JUtU 0^ LaLlJLI 4 .X 4 SLIt ^L>J 1 S 1 (JiLqj i LJ^ ^ j^^pa ^JeJJ 

(jU lLII^j ^ ^^j . / = 1 jjulU 5j-^mi ^LaJI p t-Jij-aJlj 

4 n j ^^Lj 4 1 4 L^ 4_dLLai 1 (J II rt I p -i- j S ~ 4 T1 ■> I! (j 

4_ft^jJiJLl — 4_ilJU — jl (5.21) f^jja 4 t4^Jm 41 j^LaII 

.4XaL£!JI 4^ 1 1 ti III liJI^Ji 4 Vji 


cIIjI j ij t ^j! ■ . -ijl 

Lu-uL-i-4j1 1 ^ jfc 14 ^4_) i(5.21) 4 _JjLjlJL1 cj^ i'll) Jv.i 4 

ij\j \ ^ 1 jL-SJ^ t—flL 1 ^^/ ^1 (Jjl ^L-z^j . L^ji) I iij ^ 


ji U>" iVl JLLa (J^-Sj .p_L j S J_ 

2 2 


((jjj^jju^))^ W. Lsmb «t-j-4V» tj^jl-4_jJLl j 4 j ^U 

"■! ^4J p± (JjJl-lUI o' ^! I"-® o^i R* Retherford 

(^,—5 t-fljjm —4_5 .cJj-^ U5>-^! 10 ^ (3j^-^ mU 

2 

^ f AE 4^1—loJI Q— ^ o L.tJ o' »—^LJoVl 

f J 4_SLlaJl [3>-^ t~ij "w if = AE/27rh 4^U(aJl i.*\ 1" J_4_3tJ 

0^1 ‘^ ' '•" ^A iL3.mb shift 

• 4 1 1if_ 4^Jyj ' 



Lamb shift = 1057.86 megacycles/sec 





— (5*20) tU g ((jl i^iIIb (^jljV ^-a (JL>JI (ji—^ L ^ 

4.^lj| a 'O 4-• ^^-ju 1 a ^ j 4 j 1 ^ ^ * <( jLu» 

t^tl"X t*u t «L_i_ijl^£[JI (JL 4j^J^ L^ (_^V 

(JLjjJLl 4,j^ 1^/) (jj-jJjuJLl 4lj i*^Vl 4-a^.<^1^ (j-^t J)^ T'^.^ 

4_^jJI CjL^jJ CjJLjljjj j ^j '■■ -^'* p-« t A\ 

cL^L^I CjIj) ) I till 5 . .,j ^\a ,^ \ yLjv LT^ ^ *> •!! 

.tf^Loj ^L%.uijVI 

Ijj,^ Lj>T 1-^V Cj^ ^ 1^ j <5^ 1^ j 'w 11^ si 

(jl L^-a ^ j TI lLILLA •^cSUI j ^ ^ J I'J 

CjVLsb^ |^J^L( III ^^L'Tr* I.II 11 iJltL^I^VI I^LlJLl (JjJL.i-u 

^jjo, ^Lljuu!. ^jJ) Cj^3 t(St£irk effect c^i^LxdiL 

t3^"* (5.19) ^jLjlII 4,% j i^ ^] . IjkSL^j t La.j.fliTi at, 

L^l t4j^ d ^ ... ^U.1 'li A cliVLae-d JU£. ^ ^I ^ 

<— i-t.«-<ij ^ ^JJ'^^ ^ ^j^ ^ cjVL^JLi Lajilf. ol-LdJLj 

4 "iU a! spin-orbit coupling ,jj1jlI1 ~^ vi j-^b 
^j.c *jJLi I H 'a-"ij ^ 1 j I III >j ( dj t i>iTl (JLrjJLl (3t^^ d 4 .(5.19) 4 JjLlJL1 
iZ^lS ^1 “anomalous” Zeeman effect «5jl M.th) 5-j-^Lli 

jj)^l^ ^^ 1 1 1 1^^I 1 ^ Ir 4 j i^r 4 I 

^<J^\ *c^i t^j' 

iaJI 4jl^La 


cZjIjJJLj tj u ^~ij 1 a j4 Ll^ 4*^1^ ^ ■ 'J JL>.lj ^^jju3j.ja uiJLlA 

4Ja^ l-AjLi~ir L) 4^jJi 3lj-lJl 1 il a! >*1 jl2J £j-* ^J d^^ jj -“■ 

I L"<4J dIjJJi 1 ^id ^j>S[Ti cIjLjJ[^j| jiJi ^jl ^i^lj .' 







< n i<^ I i^IjjlU l^^L4.>a Ld i 4Je-'^^ J* <VJ 4w"*'>^Vl Ijl ll-j) 

cjLjj[jJ^.fii! (jiSUI jjL*Jl A iR A ^ X 10 cm * 

Sg — i*‘M-v ^ 3^ S'*d>^^ ^jjJI |n '»'»> 

o 

(jjL^^SJVl ^ 4 j^^LI 4.j_i.uJJL} .0.53 X 10 cm 

v L^L^j >kj ^ ~ * dlj^l JjaLaj |«j (j.4J 114 Ij ^ 3lj^1 (J^l J 

V j-Aj (L^Lujjl muon Q>-^1 ‘‘ * 1 fit 4 L4 ^ i^lniii 

>. IjL-C. 1 ^j'4- ^ tip® JtJJ-tJl^ 4 i?^ Of 

. (J^ IV1 ^jjo LjJ;—5j 5j_« 200 (J.Sj 1 4jI (2)j J rt“i <11 a j j f, 4jI ( 1 ) : Ld-A 
4j ^ Liil ( A n-n t 4jlJd <JaxmJ Jrt Tij 1,4. \ 'tC.^ 

5jj JliJ^jej t !VJ jjj j-la^ ‘ A,^ \ L1j^_- 4J 200 (JSt 

4^1) 4aj6u!u^ j j A jiuic 4a-3L>. imuonic stom 4^^^ 

^ fi * ^ 

Lo^Jjua (j? (dljjL!l !!vLj^JL> Ll4j ^1 Z 

4 I Ao jL^^Jl 4 ^LUj a^J-kJ^ 4 jU^'^ 4 l-r <» I juu (^jJl V , V^ '^tl 
I V I ^Jub ^jjj 4 1111 J 1^ rtj UjjjjCLl JL^J^I ^Lts ^IjJI 

oy^ L 4 . i.\c. cjJljJuJLI ^Jijtjj-uj :^^,-^LaJl Ia ^ 0-*J 

t R t*‘,j ^ (T ^ R 1—4JU£. JL.^—:^i ^Jl_= e_ILi-u^ i T <C R 

. 31^^ I 




^ ^«£LJl j ^j ^ t a1 .^. ~ 4-l^J^ ‘“*'j * "‘ ^ ^ 

4j1 ^1 . CdLqj 4 AJ ^ ^ A 4.i£^JLll L^l j 4 .Aj^Lj^V1 LbJjL^ t-.'^ 

LiJJJL:>. uL3-l.uJ| w. A i A CjLj^La,4 ' j ^ LiJLLb (Jt^^ V 

4j:^j (_^Lc. Lijb . j^_d^ jii-^ 4^ t < ii )^>LH 4 ^j..>JLj 431 ajII 




6j^l 


Y. Aharonov ((t_aj_jjjLAi» 4 _la^V ^\i 

jJi^Lj LdJj Jut ! 1 4^ < »' (J^TT J (J^4^ (J^ (Jj^ BohlTl 

51^ 4^1 j 4 *; j A (_yi£. solenoid 1 j . 1^ LiLc ^ . ~ r 1 

1 j L-lj ^ ^_* 9 41 ^ ^ Lj ^ ^ • 1 cii-Li-u ^ * * .> o' ^ 1 j t' ^ t Jl_^ 

^Jl —»—a "ij . l_j M ^ 1 V (jl ^ lli| i—Ji—JcJiiJLl 

^ jL^ infinite solenoid V ^ ^a^Uiy* a 

.dMjU>. ..S}\ 4 X 4 ^L) '■J-J *^ ^ ^) (Jt.><-l I 1 O.^^J *^ 11 

(jL-^Lo 4 » A A‘% i A cJlLLI C 7 -i^ 4 ^ "jj 

^ 4_)! j-Jb 4 I lu i!i-j ^ ^ U _jJl . J-^IjJLj 

LualU IjLjk (J!La (j! Q^\ J " 1 C 1 . 4j|^JLa-j-uVl Uf * njULuLa JL^ 

jIjljpe-^ — J>JJJ ^ i ■» *i.o jl ^jLiJl 1 ^ d»Lj:t_-o 

‘ ^ n I jLollI p j ■ i^\ ^1 — 


Ij^Jij ':r aj tjljL.:^! ^jLi^ ^ ir>^^ (jj_ 


‘ “ ^ 






. \j. a ^jLi-uJ C^lULI J 4^ 1 o “) 'fc. i i^«£Lll 1^ J ll^ J a 

J ^ 1.1 ^ ‘ “ LUiJL 1 ^ L^>iJL I 1—i-A 4 >-^ Lj 4_^ ^ 1 (j3-^ Li j 

.1^^ 4:i^i^'^i ji^ij 

^1 t JL^^ *- tjl -»■ "ti^ ^ ^* 4 Utj ... « !1 ^q.£[J| ^ t"tl 

1^ 1 (^*j.je-" I <ij (^11.1 . 3 ^ (jj) ‘:tt- Jm-4 ^j < n -i^ (JJj1j_uJ1 

(d Ul4j 1 jLJb Li^ j ) d^ I JlI 1 ^^^u-u-j-La LitJL t (J ^ ^ I 3 jL-u Cj j * “ ^ 

d^3~* O ^ lJ^ ^L-iiJfX(j . 4 lZjL)L faorw (, 1^;-^|-J 4-»^^ ^ < nj > lr\j > » t 

3jl^j 4 1.1 . ~ . ..’tj ( L^Li-u /^1 » A (^JlII ..V "*■ ~i a ^ tl^L-i i^.Vl j 1. t J j 

3-5Lo ^j) ^ i"i dj . 4.j:^jLi- (—iJJLl ^ 3, V "t ^ tOfUS 





jLdJj ^1 L^i^lju V '‘‘■j ^ * i«LJliLa BjL^Jl tfJub 

i(J^ {jj^ C\J^ L 1 Jl^ . l*yj Ch^ L7~^ Cr^l 

i—oULl (J^lj jLiHil Jl^G p j ... .wtl q " \ V 

^_l J M'^H (jLl J^_dJl (jjj (JJjjL>Jl (jl (jy-ij-iJ * OJ) '*' «~‘ ^ I ii'^U (ji 

JJLd (jLjfc^ < nit,I l£JLLA ^jt ^jl iuj ^ 

(^jja j £LGU . <l! La I jl ^ ' j I 1JL^ G i^jja fO^jJ I 


. 3j L^J 1 IJ (jJ 




l.t.u_>J 4^11^1 t"lij^~ . m \ Ll^-J t^^j^jL>Jt IJ-A 


Ijl^ ^ ^ J 4j^ij A^, ^ A, 3jL^JI JjL^i i4^L!Lll Ju^j 

4-ajj '^U 4 Sfcl^i^ll <Ljln^ TtJI cdJIu ^Lklj-:^ 3jLa 

Ijl:^ \u.., 4^LLJI gjLjP-lil^ 4_i-i-4-D J^tjj .(hollow noodlc 

R J 4 " i" ^ M J 4 M '^Jl 4 ITT Ml Q . L_^^-1-<2 u 3J 1 4-iljJ I 

lIUj ^L^l LfJJjlJ lJlUL 4 ia^^>wLI OjUoJl C .Jlirf^l,.! 

:^jIaJLI (^jj^ ^UaJl 


E = 

m 


t,2 


(n- 


QF 


y, n = 0,±l,±2,±3,... (5.22) 


2MR'^ ' 2k1ic 

^L < tt)^ ( 3LIi ^ fcu j to Lit 11 —3JJ L/ A E t^fcj •>> 

i, dUI ^L>Sa 4 l>.1 I itA^ B ^ I 3JuIi 

1E ^ ■..jLtLL aJL 1 i t ^ I (J-i-3j V ^^LLaJI * 

4 ^ Ml -^Tl ^j? I I I j U 1 ft U (_yi£. (_yJLlJLjj 

jL^ 1 . ^JL>JLI j^G 4^L^ <1 ^ Ui a i j ^ ^ j^ 

(jU CjLual^^^JldVI Jl^ I ^ .^^LLa C?-^ - ■■ U (."i t j 

4_1aj-_>JLI 5jL l^!i jiiJL 'v jjLj ^ Sjj tj^LJi_a i_dJi.l 

^ 3jL^j i—sLuaJLI La! . g i V (—clUIj 

^.ai ^1 q j lii-^i*! 11^ a A ^ ^ ^ 6 ^ 11 j j uLm t (j-u^ 4jLi3 4-^jJl 4.^L^ 





(^1Sj^l 


i a j^-A-TT A t j ^ i^L^LiLLi ^1 L^Uj .cl^LL^JI "... a 

4 j j cIj i rti <0 ^ i^ti n Q I fJ.4-JLJ 1 ^ ‘ "J < ^ ^ .^1 

IjLj^ JlJL 3 Vj ^jL>Jl ^_yjj L^-La Vj 4^L!iXl (j-4 

1*^ Ijljw LjIjJLj^ (^Jl=u_l^ ■ “2 L«^ '•M JL>JLI f^jja 

j-xJU (jl-^ 1 j] 4^1 3-^J t 4j(in'>^^A-^ i ‘J ^ cdLjj^ . 4^11111 

^1 ciLt^ i4^LL^t ‘“^ 4_>.lj| t, I i I tij P ^ .» jUI 11 Att 

c*‘.t^>. t F + (27ctic/Q) N jIjlSJLLj F c^J ,\ ft <* 1 ! Ijj 4 <<■ ^‘1 jj^ ^\j ^’,\\ 

i n jlr>l .IilII ^ 4 ^ ^^4 I «** 27 ^C/Q a j tl - JJ_C. ^1 N 


.magnetic flux quantum 

.jI^IdVI j ^ ^Lub i^jL.%j II>Lja ijjj 

4,*^j^)^«JLl SjJbU^lj t4j ^.jtgil-^Lljm O^Lj^Lj f^LuaV^ ui&itl 

tjl—ge.4 ^^ m jUI I m (JL.:^I (J. 1 i* ,< (il L^ Ijj i1jJl->«J L 4 ] (jL^ t-A LL^ 
(jj^^j iM t^L>Jl liHj . lt^3j ^' <■ ^ili (^] JjSa 

JL^JLI A j.^^j pj...'wU 

CjLoj it 4 III jlr>Lljm Jl_:>m ij^j-i-U j! 4_4£p.iaj - 5 MjU , ,.V< 

j- _; ^\\ lIUaj ^ S 1 • “ ti d j -L-tl ^ cuL-lXI 4-I^LIj r ^ J CT^l 

L^ ^1 I ^ 1 • ^^ ^ ‘ ^ I 4_i_iJ^^^ ^ ' ■■ * jLiJaj Ljuu 

olJjWi ^1 1^11 ^^LaJI Lillie <ijt>...Vt ijy-i^j 1 11 

^ ^^~.J *(j jl_iL ^ <* ‘ ■*■ “■ 1,^1 4j string '“■'* 

_>.) CjI jj—c, LiJLub (j-SLi .^_^j|^Jl^Jl c 2> I^IJ UJ^ 1 4 I-'S *1 (_yjl 

. Jtt 4 4.4J^-LaJ1 ^ 6 ^** (j^ 4 \ Vj ^1 

t ^^ 1 .A n 4^1 a \ ij . ..V 1 ^jL>- ^Ij-iJJ JL^ 4jlJ3 tiUj (jr^ 

.multiply connected 





(JL^l (Jjb LjjLw IJLA 03^ 

^l_j_ui I * jg* ^ Lt 1 <• U ^L.>J[| p" jgj (^oju :i-^i^.:^! SIjl^ ^... jUI i 111 

IjLjk (jr^ j JlJ ■ .■ 11 ^iL J T ^ ol rt 1.111^ . p£Ll 1 * il C j A 

IP 

. AirtpA ^ I 4p-tJ (jf (j-« ^J-JjLfloil 




jL_i] 


ciLuaJ Vj! radioactivity t ,^y\ JoLliJl» 

iti Y J P J OC ^ il^Vi j jJL:tjJl 

LiLiij 5l^jJI (Jj) TT Ti (X J^'La- 0 (J^-Loj (J-t-a-ill 

(jsl L 7 ^ c^j) ~ (daughter ^HjI) <—j-c.^—a 3jl-xJj sl^ (_yj| 


3l^j ex p-^ ■ '■ 4.,4 jA i .* 4 t."*! ^ ... ^!l JLaupj^ • 

j ‘ ~ •j 4JjaL£i^ 3^^^_ L^ ^Ij ^ ~tl ^ "ti -^^ti V\ pj (p^ ^ ^J 

pl^* ^jwL>. dJlJiA dt III _il Lri-^ (1>^ il-jaLoJ 11 li a 

^ ^ j^ 4 _l i.n.tJL) p^Lti.>J pJLA ^1 ( (.Li 1 Jl.%- 3^I 4 ji 

3jjJI (J~^~^ Cy^ ^ pj !1 (djLj^^Lo—d _dyi lLsI mi <11 

^1 fJl^cJiJl ^ j^^ (Ljj _jfcj t(thc parent) 4 .jJ,!.^^! 

V t p 4_i_i_u_iJLj (d^L3Xi p3 Lq 4_3jjJaj L^ ^ 

,dA,^*^\ sl^jJl (d^ Cy^ ^jI^jjlSJLI jj' 03^ 

Lt^ JL>^ L^JlI^ L^LaIj (^IjJL%I1a^) ^ijJ^dj i(diJj ^JU 

dj **• “*t 4 4 til ^jla .n —^ p + e + V :(d'^ <1 d^"**"J 3lj_iJl 

..^Ji^l JL:>.lj U3^JL>^J d^^ cdl 

Cy^ jl 3'<r.VI JU-3j V ( Y di"^ * 4 I iia'y <JliJL^«^ 

'*‘‘ji^^l_3]j I -»-* ...1 Ll^ d^^"*.* o^ .3l^dJl d^ 



uSjl^SJI ^1 6j^l 








^ ~i in A ^ ^j( Sl^-JJI _3 Lal^ (j^j_i!l JlIjJIj^ iIjlA 

5 < <1il1 tuVl S—IjVI ^jl ^\ 5jl iij (J—al i^j j t~u A jL-j A 

*^>U1 (j-iiii t>s radiative transitions 

Ai" 4» A . ..I J A A j^^£. LZjI^L^ 

4^ jJI ^1 ^ j **i ^ J—3tj Vj . 4_^jJlJ! ^ j 1 ^ 

toVL^JI (_^jL>-] c1)Ij^A-l.u^ (1>^ ‘***^ * ; *' jA^. 4^j_Iilj 

j j»*~ 4 ^IjlI, 1 4^ji 1 j 

tcliljj(^-_^l ^ A. A ^IjjLj ^l—C. (jj-i “ < II11 

^ tS«_a tl>>^ “ '‘"*'**J " .' 

L^ A .v^l A,tl 4 tA^l lLsL^I ^ 

4.jia*!! tf. j dJ, ..1, ..Vl l^,i.aLij jJl . L^ ja U l-Ajla.f t CjII n < 

. 3^^.j..^LaJLI ^JlLo 

4li.uLuiJl j>JlA 4 11 fiLlll 4JtiJI ^JL^^^-iJI^ Jill JLSbILuVi 4 jlI 

t >1,1 jLLs^l^ lOC ^t-Lu-'w pLlJLi-uLj i^Ljla-^ i^j~A 

CX ■ ■■-^ JiiLftjul j' ^ J * ^-4^1 (3jd^Aj ^ |4£L1I tCj4CJ ^ 

U jLLs} jJ^LaAl! 4.^^La j •" •* L^l c^■«J >■ 1 A, \ cJlAj 

djl-^ 0^ *3^x11 1 J ...X\ ^j£La^ iCjl-a-j-uiAU 4 ^Aj1^^^1 

CjL^La-^ ^ .' 4_aLiJI CjLti^v^LlI i^^Jl-oj La£.J ljub 

•^iSL^ Oj^ 3^ J* OjI£^ *((J1'^"11) (J^'l-3fca4>>Vl 

^jt f-j 1Y J P J OC 1 I L^LuijJl l^LJuj^I julj 
Soddy ((jijj-fljjjB ^jL^ Rutherford «-ij^-3jjij)) 

4 ij C. LiUj JlLo ^ fl **M 1J |a£. L>^ l-C.^ 

^1 4^Vl CjljjJl JJL£. jjft N (t) (j1 u^Liij CjI j La 3jLa 





oj “ rtll N (_y^ j-jJLjJI (^L_Li3 j,A AN • t ^j-0J jlLc Ji^ L>o 
(jl . 4—oj-dioj ^ ^ ^ ^ '"^3 ^ ^~*j it + At J t 4_jJjajJ1 

I <■ t AN^ I Cj^ '^~* ^ i ju ij^^ i4_iJl_(jj ' “ A^N 

4_j^Lj 4_jLu3^I CjIjJlII t jJ^tl t .. u\ *"" j iAt ^Ji t ....ilVi 

J 3tJ Ijjj—A iJl IjlA ^j£. j *j .N(t) 4j_j *JI \ ^11 >- 

dN (t) = - N (t) dt/T 


» 4 ji CjljjJI ^IjjV j j <1 4 j^^IjLj jjft 1/T i -. . -i rJl OjIj ^ 

3j^^-::kjJ,| p3.r6nt 4jlii^ ^ I CjIjJlII JJX. N(0) ^ ' ■■ * ^Jub 

: j-A t j^I g mU jJLtJl * t — 0 (_yjljajl ij~^j Ju£. 


N(t) = N(0)exp(-t/T) (5.23) 


^ji ^ n * II ‘“ij ‘ (J^l. -Tr 4 .dU^Vi (jjjL^I J-A IJU^ 

« X ^ ^ ^ • t I . Ln ^ I A 


JJLftJI (j1 LiiJ^ji.^! J_^ .CjM^JulIIIj L^UJll ,jji 4h'>-^Ljo ^i> 1 n Lub 

TT 4 t i t I II I ' t-i rtA ^ J ^ 4 il f 4 t I nl I olj jJI ^ ^1 

4 cjIj jJI «jL* c*iL^ I jp . parents decay (cjL^I) 4_^f Oljj 
t grandparent species oIjlw daughters (5aJj) cijljj L^l j 

4_ij>.LiJl ij-A (J^j^ cjI jLj^l 4 _i^Lj 4 ij (—oL^Vl ^jlc. tjlJa 

o]j udJj >,. t i^W ^ .[granddaughters cjljL_ti-=KJI ■■■ ^ ] 
OjI^ jJ N(t) ^4 LlLaLftj LIjI 4_^L!i]1 4 11 , |jj^ 4J Li^ 

iL^4jij JJlC. L^) ^4 (1 J— 4^_i_u-4) 1j_l_tJL4 

y> ^ 

(J-^ L>^ ^ 4 4l4L^ jl-V ii 4} 






^^Li_L1 CjjI^ IjI .3jl^^Lj ^j-f^ ^(0 

"-"" 1,000,000,000,7 ju£. ^^ ‘~0 cjL^VI 


1 Jilt "i a 3l^JJ1 ^0^1 4£^_Laj jl£L^V tU ^ J J JL-^^t (jL^ 

Jill^ Cjlj^j[^—^1 (jl lcUI^ . OC ^4 III ^^ i • .~.yi lLsI i~ii / Ti 
dljj ^ r< c. I .Sjujlu ^ 6 *.' ^ijjJi (j^Slj 

^ ^^ ^ A 1*11 / A> ^ I " ^1 1 I'l^ ^ \ ^ La S i- ^ ^ ^ t. A ^ j r' CX 

(X I UlK {2j\ t I )i ^ 'J ^j-11 (X ) H'K ^ <Lt^L^ 

4j^ f^4_lj^l^ 3jL^^t 3lj^1 L^Jip 2^.^ JLl^I i^jJLl ^jLlo^lj 

. V (r) = H- 2 (Z - 2) c^/r ,_^jJll a ^ ^i! >.1^5 

3l^^l iL (jf_5 * Ct*'^ ^ ^^-t-g.;:^ 4jiJtt-<u< (j? ^ja-o LJLa CjM^LaJ^I ^joiSLu 

2jbJUiu CX ^j ■ “y- (jlsj^Ajj IJl^j . (Z-2) C ^4-IjVI^ 2bJL^^1 

^10 cm ^iij ^ La^L> ^ ^^ \ ^1 o 3lj_jJl (J^lj (jj-^ ^ _ajlJ^ 

I—4— LM^ (5.1) Cu *^jl—.^Jl ^JjLLa ^ J ^ j" ^d ^ 

JLI^ V^_^ j '^1' IjL^ Ltljljgi jjj~i 4*<1 I 


max 


L^ 2jl— ^ 4-^UaJl fiA A . CX ^cj-ui.^>«il a_^Uo 1 .2l^^jj| j- L U i^x 

j A t JI CjI j 1 JLc 14 ‘ j ^ ^L^jl jj-4 I^ j^i^ 


Sljj 5Jl_>. *(Jl_jJLl 


£ji^ .E < V (jl ^J\ L 

max ^ ^ 


^ -J~^ 
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^^-gwl__>Ji *4- N4cV E ^ j ^ ^1tU 

cj^LbVI I ...^ ^ 0-5^ ^ ^ pjoi^ • 30 McV 

j^L>J1 1 2 21 ^u 4j ^4 44t*i^ ^cSJ) IS^l^j «Q Lai .2l^Jj| 

4_4-i-uL-u_se_i ii li li ^ I a^Li_d ^ Jj_^ 4_L>a J L gil ji 

^ ‘“ 2j Ijl^ .CX pj... ^11 1 ^ 4-^lJ^I ^max iA L_i.L .^. 






CX |nj n> aj j ^ HIj ^^jJI IV ^ -^tl ■ ^ p ...j » 

j • -"j ^L3Jt . R j ‘ SjL^ifaj L^L^ Jk ^ 'hH 

. ^jL^ I > L^l p j —^ 


OC pj ■ LijjL>o ■ i St. ^• ‘ ‘ * j ^I 4-la^^'L^ (^Li^ 

cj ja< 4.^1 j (jL^ j-t I -g ^ t4_ilJLj Sj. \ 'sr A E 4_^L^j jjt U ;j 

• CdLqj LiUjk^ o**^ •^jlj Sjjlsc-^ cigcnstdtc ^4 _jl^L^^ 

■ eL^i t-vU SJ «^~ A 5j, A (^VL>. cLl^I^JLq ia ^ . ..1 -w SJi , • \ 

> l^ t o^ILo jJl:^) O.^^ Cjt (j7^ chjJL'fcj 4 jI^ iijiJj 

p^l SI^^JU t ■ “j“ 11 ^^jtJLi jl tVi Ijl^ ‘ ^ J *' cjl^LlaJI J L.^" 11 









i 'i-^ i(._uj^^.3lJLj 4^1^31 (j^ (((j-^^^AJI» 

^IjJJ cL^L^JI jl i^i “ ilj j_^jl 1I (J <^“ 4^L^ 4_£I^L_^ ^Jub . AE “"fl / T 

4^]^)5Lqj La ij-iL .(JL>*J 4ji f^hS 4_^Lt-:D ^^Lc. (_^J 1 

6.6 X 10 C\^ 4ri.c i4 ‘" CjVI^ 4^llnJI jlJli~ui 

4JL>J t4_Il!LJa i^JLo (jjl Jj_5tj loJL^I^ 4.^1 j ol^ LiJ 

t"ti Aa •! _uijJLj L^I •(^ \ fuTl 3 jl_c. 4 ^ ij (^jJl U 

^LijV ^ Lcj 5j_)_t^-^ 03^ jL^-c^i (jj*^ ^ ^ (J^ 
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-4-1^) 


otj t“tl j ■ - ^ j ... itl 1 a A 4j jLui^l 

aJUJL^tJ i3j— uLjl^ ^ 4 • ti JLj-Il^O 4J V ( Sti ^4.* ti 

- a aI Ln 1 i jLijal ^ «■! t <i t 




6 


«U4I^UsJt| 


l£^l5k^t-a (j^t 1 (jl ^j_a 

f4_ aLc C1 }1 -cLj.ju^ 1 a ^ f«£Lll 

^jVi ^J,*| ^t^,C *SJ I _^1 (_y^ Lj^— 5Ij Lljt '^J 

^Ij L 4 ^ ^<a-J_I*1 ■ •>■■ (jr-^ 

^4-1 Tul 3 -^) ^ ^ 4_aj l^^a Cj 


~ 4_uI_l.u_>J1 Cj 1 JLj-d_dLlL31 ' 4 ^ Cj^lj 
Jk^t La llij (JjLijJI t il^^i (^yjuo^au-LMj 
^ ‘» j. A J-lr « CjLjL^'I ^^ir, 

4—5^ j (jr^ 5 ... ^ ..j a 4 f ^ Jj^JuJl 

» 4^1j) it t 4 4..-^L_j —^.‘ U i3.J—^3 


Cj ' 'I j ■ -^TI ^ ^ ^ J JL^ i <Sj^ ^ ^ 

^ j ‘^i’lA- A Lo 1 ^ ^ U>" r< ^^jJI 

SJuJliw f*i\ . ..^ ja-XajJ Lo 

. L~il ^ ^ . .4 ^!I 3 juJl^ l " h \ a i 4 t 4 -a^L^ 

Lt^ 4^^^ 1 Cj ^4 j ‘ I t ^I" 4 . A ^ I .Ia-v.^<0 ,\ f^jja 


. I JLiaXI *j ' ^ ^ I 





uSjl9XJI|^j6j^lOA 


J j ■ . UoL4-t 4 2i <1 L^"l A i Sr i 11*1 dijJI (JJ-^ ^ * J ■ t-» ! 1 

4jj-^ ^ i iSj~^ ijVI L>a! . Jlaj ^ ^ ulUj 

(jJjLLij) 


id ...MC!^ L^" d"^J (Ih^ njL^il^~< a i4 ^il ^ (J^-^ 

oLi_ii->iII (J—^ LaLqj (jl 1 J ?-"< • *Jj 1 ti-^ l^j i JL^ ^4-^1 '=*J 

. 4 i"<u r... i ^'4 '^11 conceivable probes La^ j 

|_ 4 _^lJ 9 t \ jufc^Uli >4 jl VLjae^ I jjj i4l‘‘Xll {_^>.iiij Lq-^l^ 

. Ijl^LAj l4_dJ^.^Ji ^JM^lli u^W cIjLrwj^ ^\ Vi < uJ t4 i ^ niH (J-uAj 

I 4-^1 j c ^1 i II CxjL^ Ij} 4 JI Lj^ I u^*L$ ^ 5 j ^ ‘^1 

^j£J . ^JL>u oLa^LftJ ^ISLoVL 

Ijpsj^ . J MU) JUk 4.^LLxl4 <,~.Li,n-^ OLo^^IH'IjU 2j_4.aXI ^L <i,'vVl3 :^1 JL^ (.illj 

^1 . 33 J ^ ^ ^^L&J 1^0 r 11 ^ ^ 4,^1,UHt (ZjIjL£ULj [jJh (JJji,t,i4 

.“>[ ...'^tl ^4J-u_p (jf ^1 *4 j^j I tiM^I 4^-:^j tcL:kL>. JL^^J V 

Ijl^I cd-)l£LaL 4j| VI tL^lj 4 L^i 

1 ■ ..^tl ^1 4 ^Ijl!IjI L 4 4.j-Loj 4 l^'mT 4Xal t mj 1 i^IIjlj 

jLu ud-l^Lojj • 1 j^Laj iLilUjb jjt 2 ^j III '^Jl q]j LLa (.iUj 

4 4^1 . .." a 4 JjL 4^ Lr^ i-I^LtOJ (jl LiUj 

^ fJjoLaJij 4j^ tCjl 4 4^ (^JlII 3j^1 (JL:^ 0 ^ ^ 

4 ^ it U“ is t-il A ^ ... ^Lj (_p2ij.-dJI 4 J JitJ L^ 1 (JjL^4-J-4 

1 ^ 4 _lulj>J 1 J 3 ^ 4 S_tiL>" A ^jSu ^ 4 ^ljLjjVI <ia ^1 VI .identical ^ 4 JjL 4 -ii 4 

^LxJkj kiijSLojj .^t Ah-Vis Lo^jjl jljq (jU^ |4J t^uiLoj^ 2 Iii'^Jlj i Llib 

^1 4 ...MOt 4 j >.l-lJI (j-4 am V 4jLd li IL ^1 . 1 4 ^j4 1^1 {jL£L4 

. 4_S il Lk" A ol f ii"^ ^ja JjaLftlu [^ 1 jj 4.1^1^ l^jL^ j-uASt. 







^ j-^l—julb V O*^ ‘ 4 rtTi ^ a ^o^l l£l^l a (JL>Jl 

4-4^ (j^ .lIiVLoIl^I 1 !nrt 4 J^La^ *^J I H 7 - it dJJL%_4 

(jJL»~'>.Vl <*'ij'»‘1 i ay (j-a 4^jJaJj, 4_^1 u1jVI 4._^^1 ^Ijdl 

.(jJLijft f^jja (._(J^—^1 t n '^tl llib ijja <._lJj.^I m ^11 1 ^ ^ ^ l < “ .T.11 

^CJ-uL^tll ((LiJLijb)) lIjL^Ijl 3 nJj tl ^1 ((Lli^)) cIiL^Ijl^] 4 * 

W 3 .VC 4 _j^jJL 1 CjLa^jJI (jV jj-fljJl tjt ^ J j 4 "1 11 Ijl^ l>^ 

4 4 (J^lt ^I ^ K M l ^ j 11 j tiJj—se-jj packets 

.(_^1 I * < U u (j! ^j *C ,4 > ^IjL^l 


tljL>> 4 i 1“ 4 . A p I . » ^tl 4 j^^ ^4 |4£L!I I5l^ii^j.4 L^ (J^l « !u 4_S^L^M 

jJty^ I SaUj .^Vlj 5> V , j 11 4_<aJjJt_o 

Cj[ a..XI tl ,:w 4^^Ja U ^L>J1 ij j .4L 4 ]I (4-^Uo) j-jJ-4 (jLfl i4,j^^l j_^jLa- 4 
* LdLcu (Jjl 4^4 4^1 juj L,gl4 <uj L-dj.j^ 4 sill^" A 

^ |4j 4ii (^V (_yjjjill L-iUlj ^-U!DjJ.l tj-4 JS” t _j - M J 4 t C tJ>Z 

S] J Tl (jl 4 j tjk^ Lr^ ' ‘ n 'y - i ^ ^ * 

1*2 ^ p J < .■ ■^U LoJbJLi-^^ ^OJJI c il lt i^ jlsnVI ^ «j^ ^ (jl^^^Ljj 

^M 4 ~ ^ tjLjjj)“ilj .oL^I (jL^ ^4j III *^iJ t ■»> jjjj- Itx 1 §2 ^ 

tjl 4_j! *^2 -3 ^1 k. t -4 r2 J 1*1 (J-Clj-oSIIJ LjJj. “i .“.t I 

^4jj if^JilliLi - ^ ^' . " -a I Ig^rt ^ fc 4 HI ^1 tJa a 3 ^xo^^JLl ^ t ^ 

t il 'll 4^1-L a" Lll CjLa^jJJI^ ^JL3 ci* L/V J-ikilll 


W LbJJLC 4 -^L^Ilj 4 ol 4 J 111 2 * 4»joj i I 4_j^jJLI 4_lljJI ^ 4 " •" 

ilTlg- ^ ^ ni ^ ^Ctl jJl_aJI woIj^ L.t "1 4))j Tj 4 —ljIjL>.V 1 Ur^ 

^1 jJi^i U£.j , j^jJI Jal^y I •iz=i,2,----’N 

j 11 ^1 jJI ^jV ^1. H V ~i I mLj i^~>I^ j « ~ 1| I ajjt 




Sj^I 


tJj-CJ (1 , 2 , ... , N , t) SjLiSj 4 JL>. 0jt“i et 

1 \\ f~ . ..1^ , 1 1 rrij^^ ^ (2)-* 2 t i ^ 1 Cy^ 

<1 S t i t*.~ A t-^ti ^ J ^ tX * ^ Ol^ 4jjL^«Ioij^ ^ '■ ‘ "I 

^jl t4_U3l^ (_^l L^ (J-^ 

Oju^ 4 aj 1 LaTI ( 3 ^ ^ Lt^ t 4 Jjl o" a ^^^.LajJ! ^oSl^o 

• 1.^1^ 1 ^ ^ ^J ^ A i A^ A I i\^ t A 

^a^t_ud S LbJjL^ 4-^1 U"i4 Cil 4j I u ^j h 11 4arwjJL1 ^IjJl ^ 

jjL£: s L^ (_^i t_,4^ ..o .UL43 symmetric 4JjUxa iji 

«jj ' Ijj_ LjL_lj» t_5Ju_^l _jLy j d.ll ^ ^ bosons cjLjjj^ ^ j 

.(sutendra Bose 


oLdCl.,L^.>o S 4..^UA!Ld CjL4.4^*4Jv 4a^jI1 ^IjJI # 

antisymmetric 3^1_ii im ^" a ^ji ^j jIjlcVI <■ 


jIjl^^I (—d_u:u Cj\ _ A. 


S L^dl CjI 


LT- 


u-uj . LdL^ 


(^Ly__i_iJl (_^1 4 . in\) fermions oUj 

.(Enrico Fermi 


^ — LuajI JL t i JjLaIlII (jVlj ~ (JjLa*i!i 03^ iL^L.^ Ljjc-i^^l 1—4^3 

J ■■■ -w permutation 4 _JjLp ^^ ^^ 1 ^ 32 * J.i*\ 

4_ijtjL>>^l i"*l ■>> J 4 ^^^ILuiJLI <i jt \l ."11 1^1 i Lu_a j ^ 11 *." a 

^^£[j L^L^ t4^L»Ii.4 4 -j'^jJLI jl!I cxjL^ 1 ^ ^ * 4.ju3L^I 4.j_^Ij 

J 

4-j^j-4idl 4 jiKjll Jlc.1^.^1 (jI l>^^ 3 ^J t"t) 

A ■il'il ^ \ d ( 4 U 4.J->.^1 ^1 JlII CxjI^ Ijj . ^_j-i.t.lLj ^^ 3 -^ ^ j“i tJ d a tL^tl 

d J dLi ^JJi^ d J .>^1 -^tl I,iiij ‘ A' ^ • a |_4 d 

jj) U“ 11 ^cSLdcJ (^JlII “lij aL^I JiiLdJ (_jJl Jj-*d 1 j-A (j-f (Joia-iJlj 





5wUJl-uo <l_^^ 1 ^IjJI dijL^ Ijl (j-uiu .4 .jl>-j-1I ^IjlLI 

iLiiajI LLa>>V j a' ..." i^j_i_u 4 j *.illj (jL^ iL4 

JljoJ antisymmetry jL^I a ^ *4 _^|jlJ;jV 1 j^Ltm 

symmetry (JjLo^ ^ V 4 j 

^^ a (^1 4-jJl dftJljvl ij 'T ~ '"■ * (jl ^jji Ju^^ - a ^**1 j ^tl 

iV 

.complex conjugate (Ujljjl^) L^l 

a• ^ Ol^ i4_^jL_uJI ' ....'*■ t (l1i 4_i-uijJLj (3jLuVI ^'t ^ L 4.JJ 

. sl^u: ^i j j*i3 V jub.vi 


L^l CjLjj) j CjLjjy^.^Lj 4 .u^L.^I JLclj-dJl aJJt 4 

. a^j tV W (jT^ i ciiLdUlu^l 

a^LxJl jLSJaVl a 3,!i-U a [_yic. ^jLj *U cjju Lja 

elementary -x.m 4..u^^.ukSLll a^txa 

Ji ,"X IVI — a-^i ^ j- jti 3L_i-^l particles 

. - - 1 - ‘ 

(j^SLLI Lol, —“ (_yjb — 

s 

i4-3JJJLI CjI 4jiu '^ll IjLo •“ I ^^ 3T cjLjjjjj t4_^^^l 5l j-»«U 

1 ^j^ j-V (jjJl (JLj—* ji aji (_yjb LLa S ^<L!La 4 jjj^1_^ 

. ^1J1 j JLt^J t4j^yL! a . V tl aj /.tl \ 

4_jjl c^\ <t J tii L^1 4 j^V| aJ^Lt-a (l>^>-aa tL^-^l_(!u l_dj ol^l 

((Jlull (Jjj I tl * jLuaXl JjL43J1j JjLoltiLj a^^l^iJI a^yULI jLclj.2Lil a < 

Ij^ •(cT'ajOa^^J l>^ 4 — 

t"ij'w jljyi L/V ^ L^ J.iLpJl 

. a_j^jja 5jl_*i| aJLo^VI aij-^tl q^S[j ^ Cy^3 l)^ a-JL^j 5jl_*il 
"t 1 (j,?^ 5jj) • ^jLjL^ |*J? J^J 0,5^ 

1 ^ /J ) ICjUjjJJ i^j£. 3jLj-C CjLj^JL^-JI UjIj lIjLjJ|jJ_J.^1 ^j-4 JJl^ 





(jl VI . Julj Cjljjjj(j-Jl JJlC 1 jj dJ-A 

jli i^i • T 1 t di t ^ 1 I^ > 1 .1 i'^ i 1 i A d i ^\L^ A d ^^ A d ig- ^ 1 d 1 ^LIa 

<Lj_i-ailLj JL>J1 (_3-A Lq-S LoLdJ i4j^MJ 4 ji^i jJI ^LLaJI CjVL>. Ud-P ^ ^ L>* 

^j_uAj (JjI _uO 4 .J 3 JI ^_d 6^') _5[_3 (3 .‘ J 




(j-o^ (jljJi_^^l (C^^) IjI^ 0 , 3 ^ ‘(JLiill Jj I (■** 

Lft^jSJj .djLAJll <LJL>Ji (j-u_ij (jy-^ 1 d ^i"ia U*i d 

4.j_lI3jV1 4JL>JI 11 ^ a1 Jl^I Ijj (j’CLdjl l^"i a ^ 

LT^-*-^ (_^l ■q 03 ^ ^jLaJl J-xCj *SjL!Lo 

udili (jlS* liijj HI U (_y^ djLc. Liia^l o-^ 

. A^l.Iaj.d 03^3 (jUa 


jjJa-Lftj ^ ^ ^ i—d^jj,! (j-C. ^Lj ml t. 4 jj-_dJl I I nd 

4 j ^ j»jL<LAJu iL_c.Laj j-j-j-C,! . La pj t n "w ((JJiLdj) ^ 

iy\£j.^e~ua 4^1j 0^3 6 ^J 3 ‘Scatter ^ 1 "" tVij 3 I ^jij-Joj-uij * 3 ^^33 

j 4 ^ ' tj* *J 3 ( 3 ^ 3 -^^ * ii^'ill (Jj-S 1 a ^ a L^I 3 - ^ 

(2^ ) <I I ^ L- tT ca^ ^ihV dll ^Cu^LlLLo (3^ 


t S *L . j. A^tl d^l .xij 4 jK li 4 ^IjlIuVI LiJj-sc-lJl 4 i 33 ^ (dL^oVl 

jljlj ^ A 4^L_u^ 4_ii£Lll 4_j_4^ (JJ^ 4 j 03^^"^ 


Lil^^.:>«j 4_uIj 5j-a L ig ^ (J3^ £j 4V. .^.t I (_^LjJL 3 .j^^L^jJl 

^ .^djUaj_(-uVl^ Ol.Ju3Jl 4^1j (j-A 0 ^ . (jL.i >1^1» * ^L^Loj-d 

.0 4 ^ 13 ^ *~t~t Ml ~<11 a" ^Vl c d.un3 P (0) ^^3-jJl ^Ij-j La 

4j^-_:fc_jJl il j a jaI d a (_yL- Jj—t-a—L>^^ 

t ^•' 4jj^^ detectors ^c^IjIjl^ jI) oL^LJuSLa ^ V“( mL 







V*<nl (j^-gj 4j^ il-iJLfllj Lol .(■"Tu^i'lill CjLaL^oI 
jL>.lj jyj cr^ Cy^ 4>^jLua 2^ SL^ji^jjSUJ bccirns • ai j 

(_yl£. (Jj_u£istiJ jJjlAJLj (JL^JI ^_^_A tjVI . 5^jl i^"iU oLjjijJjSLIVl 

^Ij < alTl 3 Ju4ILkJLI (J1 4 a} U~i I n 1 LIjI 4jVjJU JL^ 

■ i^'V 43 Jd'SnII 3-^) LljLjjJ^pSLlVl ^JJ ;_^V 4aJjLjLlJ! ■ ^LLd 

Lujul * (^j 4 t *!1 t ^ * ^1 Ll^ LIjI^^L ^j£[J it—t U 

. jla"iC.Vl Lq^JL^I (j5h4 

c_iJ j-i-ju 4^j ;antiparallel spins jl a (1) 

Lc jj«3t-fl cr^ %'i a ^1 (jilikljJl (^yuj^-jSUVI 

4-ii OJ^ jl L>^ Jj j < 11 (_yl^ ‘•^3^ ^ 4_lSJ^ 

. (_5JI <iaJ U^-^l 

(^1 (j^l ojSL 4-3J -.parallel spins ur^ fLk: (2) 

.^L^Vl LiUj (jl£^ Lt lj-oAj Cr^ ((J-^-^t (_3J| jl) 


3L£,I^^ (1)J'^ 4JjILuiJLI Juu CjIjIjulII jI aL^.CII 

i t iti Ttj '^jj^ — ^jji^-jSLIVl (J_c.L^ 5j_ii Ij_ .lJlUI ^L:^! 

yjj-jJI 4j|j ^jl (ijJll (jl '\ *)i V ir qU jj-fl (jS-^ tt 3 ni (ji^- J_<v ~< t~ V 

tjOJLst-U 4 1 fiiillj 1 ^ Hi a\ III P (0) 

SJIjJl 0“"?^^ Ol”^ t^jl^l^ ^ ^ c_aill ^^ ^ "i a fjh} ij.1^ ‘(2) 

(jl c-f-yj 4_j_jw^j 4j|jJ1 (jSD . MM ^ A ji^^SLj ^ t\ j ^ 11 A j j I \ 

5j 1 in A OJ^ O^ 4 aJi jJl jl^ Ll ^!j . a (JJiL4J CjI j 
1 4A.lt 'wl 1 jl^'^ 1 «j4"^> 4.a^jJLt ^IjJI j ‘ “■ •" i(I) ^L»JI . JjLclil 

I j ^ ^ iM n " ^ 4_i^j_4 ^1J 4i^ L^l I L^Lo-i (2) ^L>J1 4 _j 1^ jj * t-» ™ 



L^jIsSJI^fSjUloiA 


^1^1 jJI (jlij <UJL» 3 fcj A si i^t I jl tl I ^Ui d. 1 -%>1 1 ^ A 

t .iU"i A (lr*~ ^ (2) (1) ^LxJJ "j ^ Ij- ^tl 

• ft ^ . . . 

tL-kill ^ ^ 'I " « ^ ~ ^a-i I 3jl— (inJLl d jlM ^ ~tl 


^^j'iLqIjJ lJlSjJLI . t dU dj^l CjIjIjulII 4.j^1 i u-w 

P (jr/2) UL?^ (0 *0 “ jr/2 (90 ) jli^. 4_i^L^ 

iLdLd-i (jl ^« i h (2) ^L^l c 1 ^ V La 

.P(jr/2) = 0 



Wolfgang (((^}Ij ^ 1 y et 1 ^» t~i'>iJ LJU^f UJ 3. L ^Id 

U^SL ^jl (4-i.*tdj (>*) ^ (jrlc. Pauli 

^ 4 ^ ‘T.A dA( J aJJt .( j Ci^J O^) («L^J 4 ^ 11 ) ^JLxJl 

t^VL>J L^LaJ j -^4 ^ S ^ ttJliLa^ >.u->Jl 3 jliJl^ 4 ^^id-li ^ 1 ... Ml' ifuV 

. Ll^ cj\ 4^1117^11 J4iui ^1 jJLd . individual 3 j^^.d^ ^j ‘ 

pj... -^11 cjVI^ ljujLj cjVI^JI (.7^ 4 -i^L^ LdlJ-^ ^1 V| 

^JL£.J r i Jl 3 . 1 jJI ^ j < II '^11 CjVI^ 4 -lfl Dj^ • Jl>.1_^1 

*n juJI (J^ju jl:>.IjJ1 I II oVL>> jl3J * ni^ f_^-dU 1 ^«SL!I 


4_j.^4-l-i-u^ CjVL>J ^ JL><jJ 3 11 U" A i^jja d d I ...iti 


'.ajjt jl^I^I pj ■ M'^tl cjVL»J a si .>tt 1 dJjLqJ,! '*'•* 

Un (1,2) = ^ {Dj^(l)lV(2)-iJn(2)u„(l)} 

H2 

^j3\ !1 ^^^.4^1 JjLJtJlj J « “l 4 1^ J I'ilJ 2 J 1 4JljJI 

3jl 1^ 4 4 jl^tLftJ Cjlj Up^ (jl (j^ ,(_^l^^-lJl (_yl^ 2 J 1 (j^ 4 i III '> 11 

^ j 4 JIjJI (j^ ljub (_^| 3jl_i^VL . 2 j 1 (j-O J- 4 SLH 4_^jL_ij ^j->« " 3^< 





1^1 p . . _>, n j ■ '■ JL^I ;jLt 4-^Ju (Jj^l (3^1^ 'LJ* J "‘ 

• ~t (jl U "i Iii"t V 1^1 i^i Uj^ JL>.ljJl p j (II '^ll ^L>> j-_>-Vlj Uj^ 

I_^ ^ i^^_rulJL^Jl tjj-jLb (^JL.^1 (_^ ^ J ^ j ill '^ll 1^ (^1 

t il-^ ^ iJ^*i_i :LiiJj ^ ^ .4_^1 _l^I 4_1jLjl 11 '•*- Ijl (^Lt^LlI^ 

^ ill = n CjI j oj t II ilLv p. 1 c 

w A ^ A JLjl^I P^uli principle ?jl^ jj^ Iju^t. L^lj jl^I^I pj ■ ■■ 

-1 I ^ •“ ^j.SL4J (j* -1 j . ■■ ■wT a . w iti t IJj^ ^ ^ L-4 ^ ^l_i_i_uJI 

1 . CjLj^ J '^J—(1>^ ^ JjLCi (^1 p 1^~ d iSjU ia t iTf him! 

1 jl—Lsa^ L^LcJ 4 i*"^i pJ TJj^ (1) Upj (2) — Dj^ (3), ,... JLifc.ij pj I M'^ CjVL>. 

^ ^ 'Y (jj) Cli (jf t ^I —ilaJL . Uj^ j^i L4 i iti -N ^L>. 03^^ 

jL>.i ^1 oLujiii'^tl Sjjjuc. ^IjJI djL^] (JL^ *4iii" -Va n, n , n , ..., cjI 4j4j,^l 


LjI (jU Jj_5U )t 4 lIJLI^ i4.-^lj 5 j-_ 4 ,1 Aj *^^n Cj-JIj 03J "*^'^ij 

. L^VL>. (Jji 1 Vi i -L-^ljJI pj i u -^1 cIjVL^ 

f^^jjLJi (jVI i LLA Cjljj^*j^T^l dJuJLX. c1jVL>JI p^^ a! 4 I iiiitLjj 

p_Li_u_>Jl 4JL>- (J-uAJ U* (l^ ^ Jj . ^.j 4-jLj (J_^-dil 

. 4_uI£L4VI lLUj ^Luaiil jJjLajJI La I . JL>.1 ^1 


Jj.,V. •» 4 4 jI 


<^jl—4- 


-^1 3jjjl^ Cy^ f_^L-^1 p_i.u_4Jl IjLift 


jj-4 4 XqI^ 4afl l)j^ (n =1,2, ...) jj ifIL i.iUj^ c>^ 4 j4-aVI 

Jl>^Ij pj ■ La 4^1j‘i'Kl ^1J ^1 jjb jLaSLIlj . Jl>. 1^I pjm 

Lo ^Ij i^j£. j j; f"!! 4 j pj .Un 4 ^ ail (^j 4 '^"i J i ^ i f j j I f “li t^^LaJ 

CjIjLlIL^I L^ljJb i>> 4 4_^L4J CjIj^ 5i Vj, i r t“ii ^ ^ .,. 4^1 j " 

jSL^j V «liIj Pauli exclusion principle jl t ii.uMJ '■> j ^’' i-^I' (*) 

V 4jl »4 jijjV1 4-j.o5D1 jIJ k£.Vl l-LstjJ (jl 5jj 

, IJ CjIjjU j_jJ I < ^_^,-uiLi^i ijLiJ,l ljufcj .^L>JI ^j * ^_yjs Ijl>.jj 






LSjl^Ul^jSjUloe 


Cl i^i cIjI j III -^1 DJUJlc. 4_i^L^I ^n, n , n , ... 4.1^1] 4 al* V A 

, 4 ^L^jijaLj^ ai 4 J jl^ ^li-n...VI Ijla ^I illLHi j>^ L^Li_u 

4_i^L^Jl jJjL_yJll 4_>.1_^ I ia^ir V ji ^1 

d d ft! L->lt ^4 .ju 3L^I^ d^^^-oJLI jL»«-)| iJ^ ^ 

CjVL^I dJub 4 ^'^!jji t do^ij^ ^1 L*I'*< t : (JlJ.LjJi .4 -^L^I.a ol i ny 

dj^^^Ld cjLi^I^ (J^^ oLuall fJjLo^L) 4 .^o1jJI d ^tl 

4_L^L^iJl 4 d j ati ^l Mil 3^ J ' L7^ djjj^ LL3ju_aIi]l 4^1^ Lij] 

i^j^l t U.* . ..I I j| N d^ill«.“ A 4 ^jJa.lX dj... ^tl t d a1 U\1 

(J^idl.1 (_i£^-aIL!t ^J^9 n jl ^Ij djj) iOl dj • 11*^11 ^j)U> 1 d 4jij i! I 

lLUj JlLd - ■US_d d j ji 4.H d^JJl! ^j-dJI i*‘*L '>} rt c 

4 JI ,iji.d 3^ CjI J ‘ 3^.1-d.M 4 d JI-3J1 ^i.itfi.d 

d-. ' .< it! 1 4-3 UIqJJ 4 M Lr^ CjVL>J 1 (jl ^ I . JljxI^ 1 p^* '-■ -*^^1 

CjI^LJ^I q\ 3^ ^ pj-» 

d j jd > ^JlII CjIjjJ % U 1^^ U j ‘*j *3ji3lll1 

L~\\ A j 4 JI fill 3^^_j_dJLi U^ ^LjJ 3—i_ul (J^ i^jja ^-j— 

i a1 ) .^.. otW Up pi pii jLiJall *} "It LLa_i_iJaJL) ^ 3 juJljl!I 

^ ^ ^ Jl 

1^1 L^jjlc, p 4-jjL^I CjI d d ^tAi 3^ t dU cj~f^ *(3^ (j~^ 

: jL^ljJI p ■ 1 tjd^^^ 3j^mi ^L^l .n, n, n ,... 


^n, n', n",.... “ ^n + ^n' + *^ 11 " + -■ 


( 6 . 1 ) 


3 jjjL.&jl t~tl .rtj... '^tl oLitL^ ^1 1^1 JljkJI d ajjt 3 ^ 

cjI dj <II '>11 lyu pjuti JL^I^I pjMi cjL^L^J additive 4_^ 

.fiLlXd^l 







t~. ■ ■■ jt oljLsJl Cjl^j ^j 1 T1 ^(( J_bI£[^I ))^ cIjLj j^Ji^j ^1 

4 ij c. (j^ 4j^__5tj LiJj-_5tjj ijJJ j Vju Lfljjj t5jj-_<m tUljjJL 

.conduction bands ajj /^^iJl oL^Ua:)) L^ ^ oULkj jl^i 

^ ^ ^ ^ **^ L^l^La l^Lt^l d .^.tl 4.1^^^ CjIjjjVI 

4 U> . ..J ~ t 1 L^_ft_jJsiLljljjLjjLJ 
I ^ -lX • 1 ^L^_) "X!l jJLij (f_^-a-t-i^Jt 

dJUb jLd£.J i ^J-«J .4 _±^jJL1 CjIj^VI ^LbLiJdyij (j-sax^l 

3 *" *J •■ (J ^ ^ (J^4JlJ 1 I JL^ (1>^ * ^ I . ..^n dj/j it 1 ^I 

(_y-Q-i-uJ La < Uj.i U ntl (_yja IjLi^ 4^^lji>a 

jt cjlj-iiJLi-u'^lj 4-4!;ajbjJl (jjl >x.jj U-^j ifree electron model j^\ 

^d^Vl L^! LjIsL^ ljuft 

^^Ull Phenomenology I j >oj)m ^ ll ^>o ljjL_i 

* .1^4jl t^dj^ll^l! 


d_a^ « A ^ ^ 1 . (:Lq-^V I jj ■ '■ JL^1 ^ ^ 1 ^Gu 1 JLlJ 

1 

1 ^ j '>■'■ *') .— —;:^ L^_dJj N LbJJ-c. 4—^1 U" a CjUj) j 

. X — L , X — 0 Jul£. 4_J JuLjJl ^jL:>-l 4-^^^.jtria 

j-x-^ |^j_i_uJLI L ^ N i^_yA yl_^ ^jl (_paj "i d I 

N 

I jjL^ ^0 ^lii^ ■ U.. ^ - d .... it! 

.1^ 

4_j-.4^j^I 4^L^JI <L-dL^ ^ ^ ^ ‘^^ (^jL.^1 ((I)) 3 jl.^j 

^1 I 1 ~ dV^ I (6.1) j>—a 11 ^JtJJLl 4__ui_3LiuaJJ 1 S_jI^ * d IT 






4-jLb jI ^^^^ 1 ^ <>i t > ^Ulj V cIjL-j^^~<^ IVI 

.^I 0J »O ^ 4_i_i_uJjL) L^JJ Sj. I 4—4^^ 1 ^i 

^jLsJLI If 11 4 j" fU (_7l^ (Jj "a-11 ^ t 4 tj4 tTi iJlijLj L^-* ^ 1 1 5T 

Lub t ^ I “ lIJ l_Ijb 5 *j I Cj 1_^U^I ^ I t JLC ^ 4 j ^ ~ (5.3) 

4_ il ]B a ~ ^ I I_ 4-1^ t£ 

aj j -^Vi ^1 / mUI <Lj <.XjVi ^L>J1 'a-'t tN CjL 4 j m ^1 

I (I 4_j_^lj— 4 JI 4JL>J1 j_j3 (jJ^ '■■! ^_yJj (-Jd (_yJj (—dJ) CT* 

^4JJ (jl ^_jJj IjlSLaj ill = 2 4 JI_^1 (_yj3 ill = 1 JL^Ij 


^ ^ 4J V i^^jLj tjL^ 1 rt 1 .N cIjIjJi^ TV I ^ 
j, fic I . ■ j... «~n . |Qj (.ti'^J I ^I 4 .^ ^L>. (Ih^ ^ 

(«: 3JL>. i^V n ‘”max li‘’M.'» ) 1 JIJ IjJlC M 

LuLfl N jjjJl tjL^j <itjjr» ij]) ~ N/2 iL^iLiJuj 

IjL^J .(ijl^ ^J. J 1 ^ 1 N Llul£t lij Ijlix J. y j[ ^ ^ •*■ ^ * 

: 4^j^l^ < 4 U ^ 1 ^^^j-i-iJL 1 42) L!a 03 ^ 


^gnd 2 


JI^ 

2mL2 


{ 1+22 + 32 + ....+ ( ^ ) 2 } 


i*jja 4^_i 4 t rtiil oVL>. JJlC {kLal 2 J^LlII 

"»■ .*^ ^ UL?^ l_4jLl£, . n 4 _j^1^^i_4J1 4JL>J1 (3 :d.i 4 

~ ^ J *“ 4jljLj_J.^I ^jSLg-) fJ.l^L3- iCL_iJ^1 

f^iiiuy JSLi (_^-uojVl ttiX 1 ^LLd 


-gnd 


1^2 :t2 




( 6 . 2 ) 


N 24 m 

4-i_uLiJl L^ ^ W (_7i^ ^ n" *" l1^ 4-^LLaJ1 ^1 

. W/L^ JJLiJi L?-^ J.4.~<.*J 1^1 1^1 t 




dkAjUiSiUI CiIa^iusJI 






JjId <■ a 3 jJ_Lu3 N La^Jl_c. 5j—>■ CjUj^-jSLJJ 4_!L3^ fj)i\ 


(J^ (j,5^ -V '>JIj ^ i Ml lO-^I .L 

o o 

JJlaJI ^llL^ ' ^ ' '-j" ^ ^Jb ^/L j ^ Cj LaJ-i-u.>J I JJlC. 

.^tl (^jJL-Ul -11 4_^LL3 4_^Ij t ■ . ■■ **■ 1 Ll£.J *^C-lljjili *U) 

4_i^IaJI (5.4-) ^^LjJll Li tClj 1 jl.>.1^1 jui_iJI ^L>. ^-a_l1I1 

4 ^ t 1-^.1^ “i < (I a t JL^IjJI i II '^11 4_^LIo CjLj^J-1-uXJ 

^ T 1 ^ 1^Li" ,^1 -s- Ij pj ...-^ t i^LLs Jil. n 3 , n 2 , n j <L 

1 0 Ai V*w| : <La£.!^^^l 4JL^Jl ciJJj ij-ujjjJiSLlj • Lif ^ LI 2 , — (1, 1, I) 

jlj>.1jJ 1 I n -^Tl (JIjVL^. tiUj JULJ (_ptj .jji-i-ul 4_iiJ j-ji-Vlj (^1 4_iJ 

^ .( 2 , 1 , 1 ) j ( 1 , 2 , 1 ) j ( 1 , 1 , 2 ) degenerate 4 i»ail 

Jl>-I^I ^j < Ill'll c1j1.£p" < II a <. 7 ^ LJSt I I J^JLjlo 1 1 JkSlibj . L^Jui 

4_j..judjV1 ^L.>J| 4_^LL3 'i%, H ic .N "^IVI ^ y 

N La, \ if-j . JL^ijJI i II '%JI (Z^L^Ua ^ a"K Ja^L>. N Cjl a J < *i 

^.4L>Jl 4_iLa-^ jJL ^ ■", ..1 t l/N^ 4jLa-ibj j 2 >^Lcj 

111 -^ < iiU ^Us (jl gluJ ^ 0 -*J 4ji^a 1 

(6.3) 


^gnd ^2 ef , ef =— ( 3 ji - 4^ )2/3 , V = L^ 


N ^ 2 m V 

4JL>. 4^LLd fermi energy 4^Ua)) ^lUi^ a (jlUj 

3jljJlx. ^ ^J U>i11 |jij£[j L^Ju^ occupied nL^JI_t.-uj» ■ ■■ ^jLa^l 

CjVI JJLC, 4^lJia jLa-JJU^ .4_uiajVl I IL>> lZjLoj-i-uj^I 

JJLsJI ^L!i^ '■ L-> [ *> d L ^ 4_i_i.ujJl 3jj.x^ W ^^iSLlI 

i 4^lla i-L . *i A - 4l "X ti lLLLlI (^'lirJi 3^^ ^ja i(cljl JjJulII) 

^Uo ^LqjLi ^yLj (^jLi_uj Eg|-j(j /N 





\jJb LiJLuk ^ jJj . J "■ 'a ^jLj I Jl^ i~i1 a J .U“ ^1 cIajUiJI 

a t <Lj_lI9jV1 ^L»JI CjLjj^^ ~<^1I (J^ t~<l t i» 1 4_a_u3j ^ j _■ ^ ~^^ 

c-j-uiLiuj ^L>Jl llLIj ^_y^ .^jiii'^Il ^jL>>t 4 j-c!j^ ^L>. N cj1<^jju'^I 

^ ‘‘ " \-j ^ ‘ “ ^ ^ ^ ^ ^gnd 

l^jL-a Ljl-cI irC\ fi.^ I a * I JlA ^ Vju •(5j-^') 


CjL^LLa Jlj^Ljj ^I (J i<^j >. Ju>-I^l pj-i II ^1 oLilLLs 

^\ oJji (jj^^JjSliJ ^ ’ J CxJ_^ ^jJ[JJ4SlJyl q-a jjlc, fj\A 1 A 

cjI^iI^j L^lLLd^ cjLjj^j.j£liVt jjl^ jl VI jl^VI ^ 

3j-a^ IjL^ cjLfiLI^t jljJlr. 1 *5jujL^i 

tLojIj 4 T j tjLaj-lI^ OjIj kg d.u'v (kg T 3j J 0 11 4j^lj.^dl 4_ilL^Jlj 
31.1 ~ 273 jJoLb J a mil) (3^1x11 (^1 jail (j^dc 3jl^^j»JI 

t^jljtl l5 iIt> Tf (jyAj-^ '^J*^ C-(-W/mi qJS 


Tf - Ef 


(_^WI 3jlC ^j-<a 33-J-4 -II oLjkjJ 

^j-a 1^ u^ 4JL>. 4 jlrJ 1 cill!i >*-* j' i—aJi 

, T <c <c Tj^ 


aj ,_^ Lr*-^-^ UJL>-^V^ CjLxL^ (jr^ 

4 J^L>J1 ^ (Ua 4 (J-aL*^ Vl iOljlaJl j_j_b 3^-^ tljljjL^-jiJj jjJ 

CjLoj-i-u^JI aJuJx, (^1 *j .3 jI!l11 CjVLxJI LlojI 

4 w(I dljj . L^l a ni] ^ JL^ ^j III -^11 ^jL>>I CjVL>JI 1^1 3 ^ 
ijj-a_u3 4j^L4 JL>.t^l J (u “^ll CjVL^ A y 3^^ CjI At t u '^ll 
4^ajhU <. a 1 "a (J-^J ^LLa 

4jjLx.| CjVL^ oLjj^jJi£L!VI ,j^« ^ 03 ^ t"(l ^ J . ..'wtl ajji V f 





(J^ ■ jJaLLs (_)j.jiaJj Lij 


'■^ uj^ u^ L>®J -cr-V^ <Jy-‘-^ t>® 


^^Xuljo (JAj_u1 jl>.IjJI pj.^ '^■tl cjVL>. ' ^1 jLu^ La LJl^^ a 

juc cjLjj^pSLlj jLc 03 ^^ .(holes <(l 1 iIjjuIj)) L^i 

. a Alt.>H eigenstates ^j- CjVL>> ^jja Ct^ 4_iJbLLLA 3jlj^ 4^jj 

4_ui9jVl 3 jLj.uJ 1 lj_A 3jlj.:>- CjL>>jJ JlI^ LjsI 

j* ^ i ■ ■■'* <ji_3l^1 3jllll CjVL^I 3j^Lc. 

^jUa ^ (jA^ . Ij-u^ t~i iu^il L^-iSJ - ^Ud (.ijLj_j^pSLIVl (ja 

iLjLji (^jj3 't-.s A (jj") t II A (J_^ 4 At^'iill cjLjju-jSLiy 1 

jLjj <lJj^j_aj iJj ^ jj « La (Jjjo ^jLc 3j1jl>. CjL^jJ Jjl^ J-1^^ 

L" . ^ ^ ;_gj) ‘) Ml A Ij—UL^ 4 1^^ 3 'T lU OljJU.^S[jyi 

j-Al^tJI (_yil ^iXitj-i-uJLI 4^LlaJI 3j-ji-uaJI ^jLoil j! (_^.oX4J jt 

j! iL^Ia JL>>ljJI lu. :k1I lIjVI ■» 4 3jlj-»> JlI^ 

i^JLIa .(-d^Lua-A JLuLL ^ AI <ij V ^jLj iJji-dJlj 4*iji A I ilf.Sfl U3^ tl ^Uml 
CjL^jJ Ju£. 1 U* i>. Jjl^ jLiJI IjLA ^t LaIjJ^ 4iiiA.X a 4-au^L^ 


j^jJjjLild - j 3 A^tl 4^jJ JlI^ 


‘Je “ ^ i>. 3 -V ta 3jlj^ 


^ A * ... t' 4_A^^Ja-^l jLi3_^j i i jy I 3 j J 3jl^^}-»Jj 4_^j^ 

^Ij LiUj ^Uo (6.3) 43^1x11 1^ «"t H A L4 £j (T = 0 03^ 
jLsJl .U« iW\ 4_ilLtaJI CxjL^ j t i^\ ^QJ3e.^JI (jL^ 1 a 1^4 i V ^aj%_>JI 

Ja tj (^j-ll ^jljJu^i jLJxl i^Lj-a i3j_^ Jjj (3 j_>L 4_SLIa jIjuoJ % ijj 
L^jk-JaJI .^IjjL^I Li* LaJL3.a dJJj (J^ . n i ^ a 

^JLAt 4_ujl^jLt . 4_i_uuJL 3 aI t*'! t d i U ui tl 4 .jlj_i!uJLI 4_a.j_3.^ 

:^^LlIL |4-:%j>J1 j LJjuus (Jji^l^ L>^^ 4 JLuiI1 




PV = — N Ef 


(6.4) 





:4_<_ujjj (^jJl (_ySLijj54£LIl jLiJl (J^jL^ 


^ll.3UJ PV = NkgT (6.40 

(^n5vt > nJajLua (^1 ^^UiJLl jLiJl V T = 0 jJlC. 
4_JLc oL^jJ JlL^: .^ji^Jll 4^jj Ju^ 1 (^4JI 

3^ 03"V~i i,^ ijjLS-4 

4 jut:;^ T < < Tj'^11=^1 .4^<j,,.3KJl jLiJI 

jL^ (j] (jL-^j ^UaJJl lLUI^ — dj . 4 j^.j. t u^LSUl 4JL>JI 4_l 1 d 4 5jj) t 

, degeneracy pressure jyL*JVI uUixb ^ ijiti 4 


liljJjiJl 0:1 _" tl*_^) 1 ^^"* 

Cj ip 1411 (_;^-4.:acj>Jl O^mi Li-aLlm.* O^^-stjVl *U* i>> 1 L 0 L 4 J 03i-2t-*Vl 

1 Lu:^! C 7 ^ jJoLlLI j ji'iiL JLajLk^l j^AJ doj^ O-^l-^O 

tLL- u-jo-Ju 0^ i^jLjlII ^ /TLa *05^^ Lr^ 03*^^^^^ .U« 

dj^iLc-Lij f^j-A 4 1 ..il.., QM ^ t*!! ^ 1 1 <,■ \ j..■! 

cjLjL^j lIjUj^"i^TVI .4^1 j 4 

^ CjLaljSkJlj 3^-^^ |»L!a-jJ 4-jLjJaL>. 

j[ t^ jVi 4 ^ is p^' jij- ...1 3^~^^.t-i• 0^ • > ~*-» 1 ^...-a\ 

t4_ijL>. 3^.^ 4.^1 bI!liJ 1 4^.^! jjb/ IjjjL^ QSLtiuj 

. 1JL^ ^jL.^ 3^~^^ tUi (Xj 1 i t A 3jLli L7^ Q ^ *“ ^ 

jLilO^ ^ ** * I JLAj . l^I^liij jL^VI fA *^-’l! 1 IJ-I-) 4j'\-:vjijjL^^1 4 Jjl^Ij.4 

jLiJI 0^-^ ^^3^ l>-^3 t4_3ljSL!l 

Ijl^ 1 ^ j ■ < ^ I jl .degeneracy regime 0>^V1 

u jj3>3Sjy I O^LjcjI 1 1 Jl:^ 5^j 1^ AjlaliilJl 03 ^ ^ 

white ^3^ ^0'** CT^ 4 JlA Ju^Lh.ijj>iJ (^«j3e-li1 1 3jL£,V 





S. Chandrasekhar jUt,^ ljj_jL*i, La^ iSjjl^I ai-ct i .dwarf 

.(j_u_a-cuJI 4l^ jJL^ 1.4 (^jLi_uJ ^ 

^LLaJI t. ,yti\ inil 4 jL^ oj^ <LjSL!j 

j-i-^ ^ i4i3-^l tiilj cLLudj! (^jJI ^_jJSLj 1J| ^j-O mU 

t 10^ 4-dl^SLli . cLi^LO-U ji^-AJl11 

djij.^>Jl ^ J L A.f^j\ _i_uJ ^ I 

'y 

<jjLi-o I iljLA 

jLi.Jj L^ jJuijj , 4j^.l^ 10^ ^ Cr^J"^ 

• 3j1^^.^ 4j:wjJ Ji ir. UL5^ jLlo^VI CjL j 

"t "i U jl j ^iVI 4j V TT^ d ^ ^Ij ^ ftl l^J 

Iju^ A^LxJI ^LjSUI 4J1_^ j i%i 4j^ i(_yjjU_jSUy I jLiJl 4 U i 

oLj^j^-dlj oLjj|_^JiS[JVI (jl jlaj idjUj^j^Ul (j.4 «U^.;>(j 

i+ cJJLHJ^ ijjj^^.i£L!l 4- o^JLH Ljj^^-Sj t",ifl,!?!■>.I JlS 

^Lj ■»i 1 i ^ I jjj * L^L^j ^ ill i^jji iZxjj^ JL3 (.ijL^jJ^^j-jJJI 

1—s^^Lj 4j ^j^^_t-lJl d^k-se_il -t-* • (jC^ i4_«Ljfe uaJI 

(_^J ^a-3E_iJI ^L>JI lIIIj (_y.3 jl j ^ )^\ j1^ rt~ 

Ij jljv- l_. it^Tj Lla (_|ji.%aJl .pulsar jLuilj 

3^.2JI 4Jl1Lj o~ 0^ (0~^^ '^ -■ ^* La-4 

oLj) j'^I <,aj Ls\4 d^Lftj L^oi n if. 1 j ^ j_u^ ^_^j“d 

^a-^TeJj I L) ^ ^1 O ^ ‘ L)J ^ 3 ^ I 

|<J Ijlj (CjLjj^j_^I ^Lt "w ^j| Ltj L>^3 cj V J SbJ j_j—^ 

4j^ l^f. I j a i li" I uA jLsu.3jI 3juljJI 4~l‘i^ ^ 0^ ^L>~ i nj 

^ <1 ,1^ .<11 |^jL) 1_JL ' ‘ L ^ (.4^ ^ ** ■ “^ ‘ ^ ‘ ^ f ' ‘ ^ ^«JLc j[^ ^ ■ ■ ■' IjJljI-cu (’^) 

d_jj_i . nil 2 _ji_JLiVI ^ a-tTaTt. jMj <_il_^_ill 1-LAj . ^ ^LjlII t iij uo jJI 4_iJj ,,ill 5_t_j)^U 

^>LiJI L^ jjfc-ifcj Ctij-'v. 4^iJa»jVl 'J ts ■ -Ij « t A. I.^J . .• .^ » d-jji .t ...ll djjLuaJI 





.bliick hole ■ -1 ‘ • ^ J '^^J J c-Sj. 

SI^^Lj 4 4t<Ta t < rt~i!I j^j"i luA j—^ 

‘^**■'*• 


dJUJLC cIjIjJlL) ^ j ■.. Ml < Lai . N ^ i dj j JjoIjlIJI 

3JUjU 5 gj Ht Aj- cL^o^l ^jLlJL 4^LJI ^LiLJjuJI j. y *" A l'"i 1 ‘ij^"C tVl 

(J^L^j-i-uL (J-^aJI ^ oLjjf^^-jSUy 1 5 jL^ 4j| . JLlil 

, 4^n. V ^li CjL-<^L^J1 Lt^ ^ ^ ^JjdLiIg (^JJl^ 

L_j£;-flj (3 j1j-Io ^1 7 - t; IjjJl»jj-u1 Lt^ jj l^~i 11 (JL^I I JlA 

l)^J^ '^) ^ 3 -^' *-^ ^jLoj IjLlLjluI i se-ji 

.Xj^ IIJ l^! tSjL^ cluL^ Ijj 1 *L2^ JL^ i I i j-J * L^>^ 3 -^ 

^Ji 1 t II ^LJuJI t I 1 j A is L^LjuiI J^^JJ t4ji*i <"3 >JI 

o^\ g" t U (^ 3 ^i 4-^L1JI 4-iIL^mi ^ .Ul i'^.t L . 1 ^_L 2 jj \ a*jj ... 

CjLj^ "K ly 1 $1 \ c. S^JlIL^ . 4j^.^_i_alVI CjI -r ^ rr "iH ^yC.^ Spill cJlIJI 

>JL>> ^1 7 , I’X^A 

i ^ 11 Lr^ CjLj^ "iSUyi L^ju-p (jpJI (J' 3^1 L>^ jj-tlai -L^ n 

41S" < ti g L ^1 ^ fJ^Lk^l 4 \ 

(4_i-oL>JI^ 5^ j g 11 CjVLsJI .5^-j_i_uJ ;j 3 ^" ' “ 33 -*Vl (jLfl 3131^1 (JLfc-g 

1 JL^I 3 ^u u'^ 53 -j 4 11 oVLseJJ 3jLix4 4pjLaj (j 3 ^"nj< SjUJlC cIjI gj 1 

JL ^3 — jL>-l 3 JI Iii^tl cjL^LL ^ 0 ^) 3 ^ B^IsLlII cjL^I^JI ^ 33 ^ ^. 33^3 
t n i>>l . jL_>.i 3 ll p J "‘ ^L.i.u- 4 ^ (j^J ^ \*XA ^j j33 L*tl 3 J_cu 

,^^^ 3 l 3 £[Ji . \ g ‘^IT 4 1 iuutLj JjLjaJL i^iLi'>i'i (J3l">i11 L^j-ju L>IIj LIjI lLUj 



(jui^ 5jjJl ^Jj "i^Tl — fj^ \y\ CjIjjLj JL-oJfcj ^jt (j-4^ 4 -X d j! 1 j 
djjJ 4_jaJ9jVI jL.lII£.V1 Jl^G li£,J 4.^lJiJLj . 3 J-LJ»iTi S^£aaTLj 

3ljj Cr^ ^Ll^l Cjl^'‘nti4 

llILLa E^ (JjL_i_j_c*ij 1 4 j 4^ .(5.15) 4J.al tlL Z (^jjJI Ltjj-c. 

UL^-^ LiUjuj . Jl.>-1j ^j ''■ 4.^113 i^^yJb aJJt ^ J 

ljjjL£. jL^l^i ^jiii'^ti 


En = - 13.6 


electron volts 


n^ 


t-flj-j-ii ^ (jj^^j-liSLJVl ,v ^ 'w JLq.aLj t^jLjjj-jSLIl L^ 5jj ^Lw 

jLj>.i — n = 1 4..^lj_dJl ^L_>J1 4_x_LiojVl ^Lstil 0,5^ 

<M ^ Ul 

^LLaJI uiUj frLij (jJj 4-iJ C^! I 

^jSLI *— 108.8 eV f^^yjb (Z — 2) 3 jjJ 4 _j— uajVl ^l,.?t.L! S,,.* ft^,~.li 

tjjujJ jtjJaij LIa II (j|U .“78.9 cV ^_yJb 4j1,4 «J* 4 4 J.5TI 

. Ojo-"^j “ Cj ^t-^1 '■■ I< t <1^.^!l 

e ^ « 

« L>^ OijjJI LiiajI 1 Jl^ t 

CjIjjI^I aJJb CjLjL^ i*'i‘3r I) ^1 ^ M^l Ijl^ 

..li A "t tl . L^i t M -y- 4 t jU 4jt j CjLjL^I aJJt Oj) ^ 

l^jILxJLI 4i^ MiVl ‘^*443^ 11 ^ l\c. (jfl "JLl L-.iJ^ .3 "1 11 3.>^ 4_i J—,>t*> 

CjVL^L 4 j 11 a 4iL^^t fiJJt C.ijL^ I jj L^ tcillj ^JLlLa) 1 -^TLn a 

i^jL-a il—jJajI i (SjjJJ SjUiVl 4 _JL_c, l1jVL.>JLj jI 4__j—u3j^1 

a ^ I 1 La^ 4 _i_lIojVI oVL^i^JL) ~ < t ^ .oLijLA.a-lJ ^ ‘^t' ^ ^ 1^ 11 

. 5 ^i3 c-iu-aj (jl • < ’/J 

aJujLC. Sjj ^1 ei y> i A , Litl .^-W i A. i J A /“ j- . “n ^ 1 jj 

5ljjJI j-^Lj (jr^l 4J3LiiaVlj oLjj^^ 1^1 (JSLj Ij_jL1jo 03^ oUju-jSUyi 



uSjl9Ul^jSj^lOA 


^“-wVl ^IjJI 

i4j^Ljaj jl ■ “ VI jL^-^ (jji^.^£JV1 3^JJ,1 2j_^l L^\ I II "w 

(J11 rtTI t L^l i II •>- ...jt! djL^ . ^ 3ljJJI ^-dLudVLj 

(_y£ ,\ vL (^jJl > ^ -^ti “Xryi ^ effective potential 

Loj)U a V IjUft ^ U (jSU jl VI 

4j| ^j| idJUJLX. CjI a ^ my ^llaJ ay I 411 4 <i j STI 4j| t m a 


^ ^ I ‘ “ ^11 ^ ^ ^ ^ 


I 4_^lj . uljLdl>. 


."<1 'i^,.. ^ 0~^J 4 j M ^ Vi jLi^_^l 

I Ig '^U tJj > 5a jL.li.1 l5j^* t5>-^ 3^ ‘ L^li 3jl (.3-1^ 4 j1£, 

ljuft 4_L2Jl-u4_a CajL^ ^ L-a-^ ‘"*'''JL/ "XIVI ^Laj jjl * 

V 

j 

ijji Juul ajJLl Lo 3 jLcj . Li-uj^ L7^ tjLjJLcVI djJL^i 




.4^ix, 4.JVJJLJ <=* j> ^ (JLl^i jl^_>ji LiJi_)jV 4jLjjm 

(—*£^-Sj LiJl 4 : CjLjjLoII j. ^ Mil tji-Sl »1 a < »l (_^1 1 _j^j-£. SjLtiyi 

Fermi - Hartree - Fock - (J:>jjLa 

ji 4 ,Sj^^_^ *^eff ^ LT^ jlj"i ^Vl y-^3 ‘Thomas 

Jl^^licj ajLjjLX: CjI a J < n -^3 Sll ^L>J1 i m a ,_|3^ Cj\-^ 

tCjl-j^"*S>LiyI ^V I JlA . \ ^ '^11 uiUj JL>.I^I (II '^Jl 4Ji ill a 

.(JLk^l 4^^ rt'niiL 1^1 (jr^ t4 Ml 4Lli>i Jl^ 

^jl ^_yJl ju^l^ ^3 *l/r (jjjLii! jj* 1 jlj>. jL^.^1 <^Dj 

^1 ^1 . ^ I i3^"*- (j^»^a-i Jlj>. 1 pj "' dti ,it i I. \ J A •"* J- ^ Cl 

4^jJlj JLj^ 0.3^ U^ ljub ^IjJ ^jl*i* (ti*! V 4JuJL^iJl lIjI i i mLjJI 

4JI iuA (jl -11 • .^Tl (jua Tij^ .O^iSUull * li•'^ll 4^1C 






1 ^ ^"tl ^JjL^_i_uJ t*‘<j >. 1 J_^1j tit ■K 4 4 ^ 4 gJUJL fcJl CjI 4 J in 

^1^ (Ij . 11 j'v (JLa^ I \ u£jljjV tuJI 4 fi jrt “w ^LiJt (J.4 -JlJIj 

l~utj 4^Li \ ^4^4c ^ ^ liUj LlIj-^I'^ t 

. JJL£. CjljjJI 


SjULo L-4 ^L>> ^ J ^J' ^L^kJJ ^La.^1 t ^ jJjflLjL^ LIjI (_ub 

(jA 4,J I dL u i i K 4J < ij "i^) Z ^_gj " 'SO 4 djjj ji^ 

. (r) Jjnt 4 (JLa^ , Lfcj^ljj Jj dJJL^Jll ,j-sajLuaiJl 


LfJj-SO I 4 K iJilJ J-J-C. I I ^ '^i -S^-UiJ tjl ^ t ^ijj ( 1 ) 

:(j1 ^ L>^J * 5l^-lJl jijLpSJ^i 

Vgff(r) > -Ze2/r , asr >0 

4_£|_dj (1>^J Sl^jJI ,j£. tjL^ I„1, .1 ■ t t UJJ^ L^4^1S^ (2^ 

Z — 1 4 ^iS wtl oLjj^^JiSLiyij 4 -Ia ^j-a^JLI 3ljjjl 4jUa tCjLjj^l^tVI 

0^3 ' ^ ''^ '^‘ 4 U rt t 4*;^ (ft 

y^ffir) > -e^/r , as r - > oo 

^ p 

jL^j^i 4jij 4^"" (ijLj^ Vj Sjjt Cjlal I tiJLI (jj-^ V Lfl 1 

. 5j St .4 (_3JI 


4j_lJI i>^“n4 i) 4j| 1-4JJ t .1^ '^i lLL! j (JjjLdLaj j_4l jj-4 [ 4^4 

Ju>>lj pj<*i -^T 4 1 4-illLtaJI 4 L4^ (jl I—Llj^ i«llj 

Liajfj i L^ j L^ (jj'jJI t“ ComiTiutes 

4jj^jJLI 4 AaI i A J_t^l^ S^ ^^^JlLI cJlUI ^j4~I4 

4.^4^j^ Jl^I^ P j ■ '■ 3^^.jdaJL1 «J1 jVL>JI ijL^^ .^fj.ujaL»Jl 

jjmiljj «ni^ ^ I ciJj-st_iJI j t 4 ^n ^jjulIIj labclad 




6ji^l iJJO 


1^1 cjL-ilUo ^ " *" .n jjl-lIIj m^ 

^ t2 (2 / +1) jjfc _stjVl 1 j n cn,l ^jiaLLLI 


^1 ir>~i.^iJ V ms ^1 4_4 j 4 a J^JLl 2 J^LJll 

Jj 1 1(1 (_yjj t dlllj — 4 "i ^ Z jij-j>JLl C3^! * ni j >1^ n *4 

^ 1 

.m^ JJUlU 4 *X ^ 11 5J1 JJLC, ^Jt i^l ~t~ 1) (J^LaJLlj t ^ ^ “ n j 

2 

IP 

jurJ! jjutit (jL^ t^^LL.4 m^ j m^ j ^ l!^J 

:4 ^LiLLaJ! cj’^L*. j. iJj^\ Counting index (objjudl) 

* ^min “ ^ 1 ^ 4Jjii4 4 ojrtT jlxJI Ijl^ Ui.^Vl 


l4]£^l3 Aj ".^t L^^LLa.1^1 (jVI ' ■ ■ -li »t 1 (jl^l Ijkjb 

^jji 4 4j 4 t .^\ 4^i .LdJl) JUu CjI^L^ ^ 

: ljl£Lft i^VI ^ U. LS-^la 1— I ^4^ 

/ 4 2L]Vj 

0 s 

1 p 

2 d 

3 f 


LjL^ l^Lcj e I. 4.*^ •>• jl^j f L^j.j>J1 julj 4_4jL2JI 

<—J AM iu \ (j) (_y^jLJ . 4_^jj^ "i^ j^l 4jje_AJl ^ tjfil T 

(— >J1 (ji ULUd (j-SU */ (J-4-SJI -a.L «il _jJI 4 JVjJ1 <j\ 4J 

^VjJIj n (j.4i^jJI ^c^Jl jjuull il 4 ^ n jjlaL! 4 a I ^."... A 

i 1 Jl£L^^ 1 4p ^ 2 s jjj I 4 CjIji j Lk^ 4^11 JJUlU 





i(n — A- j I — l)j (n — 2 , / — 0): jl^Ij pj ■ ■■ '^ lijVL^ 

U irf*>Vi JLt II L^i Vj lj-& i3 f fjli —<0 ^L>> I Jul . li.V^ 

, / + 1 jjjo ^JLi^l of ^ n (jU (_^jJl 

^ ^ j ^i n ^ Bj^ I 4 _^l^J 1 jl_sJ 1 t.iUj 

Jsr I II 1 ^ ^ o o"( I iij / ^piaJlj cLiJLSb^ . / 

l^f ‘ ^h-^* iJL>.|jJI pj . ■■'^Tl ol^L^J 4_^ix^1 ^JJLaJI p-j^II Lu^ 

L- (jLft-^t * d LbljJ-^ A ^ i . , . ..I 3jj ^J_A 

4_^lj 4 .>JLju 3 ^ al“V A 4jljLi) liJlJjb «(Jf^ Ct^ oIjIjJI 

Ur^ oLjJi-L liJLI (—4,^j-_il ^L_LiajVl (ji^t t o-l^- pjL-Sj oi Lii*C,cj tijj-^f 

t^Llo (J^L> I«^JlJ 03^ CjljjJ 4 miilL .^Uoil Q-uljaa 

Is,2s, 2p, 3s, 3p, {4s, 3d},4p, (5s,4d), 5p, 6 s, {5d,4f}, 6 p,7s, { 6 d, 5f) 

CjI^* Iiitl .p3^tj3^ 4 Mtilllj iIjl^ O-a Jjuf i (jf 

^ ■ ■■ill I^ ‘ ^*o** o^iSL^ o\j t".« ^jLdilll 

/ ^^y4Sfc II jjlaJJ < j4 _i *^3-11 ^IjJI (jt iJjfe (IS'v^Li of o-^LjJj .cjIjjJI 
(_y. 4 S[JI jjulII j(j 141C iJo t->_3ll tfL>oVl (_y^ ^jljJi Sjulo^ 5j3_Liaj j-Jujjj 

^L>JI LuajI (_y -^3 • n 3^4^-) ■ L.I ^ ^it < * oI l *o'"^ 

4 j > 3 J>' ^IjlJI I ^ j ^ A 4 V" (J^^3 ‘L^J^j 41 ^3-la-II Ijji L_t3J o i S . t “t (_^i 

*513111 o^ c_)3_5jlj ^_§\ ljj-_5JLj SjuIq "i A 5j3_-uaj 4 j3,U5I1 

of (3^ * I 3 j j , n 4.j-^3lt L^3lo-ll i-iJj-5t_jJl 4 j o ^ I II JJulJI jlj 1 <^K 

yt 

JLiLoJl 11 ^^11 jpa (J^l • ~II 3^LiJI ^^-^lll I j-A o^ Ljf o* jL* (J"‘^^ 3 ^ 

OjVL^iJl 4^JLjl1 iLl^ I ^ ^ “^1 i * La j. i S i 4.5j^-^ (j£. 5jL-C. 

t^VLj>JI ^ * 3 ^^ pl^ ">^L ' 3 *^^ *"113 ■<‘•* 1*33 tVl 3 jljj_c CjljjdJ 4_j_Li3j^l 





jl_^ ' ^ ^^L)* ■ U (CjIj,1lII ^ J^LjljJJ £jtj *•"'■■ ^ (jVI (j-su 

L>aL4J SjJLJfc-^ (1)3 ^ CjLjj^ l^iyi 3 juJuC 3jj ^L>. t4_i^i_^LLll 

^1 a'l . i ^tl • .".| ^ kX->>ljJI ^ft^4.U^ti oVL>. 4 .j4jL^ 

£^ I cjLSLl^i (j\j *ni^ j m^ j ^ 3 ^ ^o-SUl j1jl-c,Lj jj^_>ij 3j_i_>.^l 

JULuVI jjl^ ^ 3^ (_:r^l ^^./ j n 5i \oil4 

^j.£L4j V 4ji 3 ^^ . Ja_5 —B 1 3^ 0 (ji 3 il)^ j *^ 3 

LiJIj-j-til <bLfl i4_ftjjVl 4 J II jij_c.Vl (J^ 1 ti ml rt "j (jl (3^33 

< <jt (33-^ l.i ^ tj lI ^ ft (jjjJufcJl 3J^) 3I 

^jjulII jl >^1 Ah^ A Lj^^Li (jl cIo^^.iiij i Jl^IjJI 

. Irt^jK 3I 3 c3i^4 ^I 1 

UA1 .TiJg " 4 2 (2 / + 1) IjbJJbXi (jr^l Jl^I^I < 11 '^II CjVL>* 4.1^ La! 

^rt. mj L^ / 3 n t3^^i,4 *^.11 ^jjuiJI i^jM^ A Vi L^uSJj I m^. 3 m^ 

. ti • J * ^1 (3^d4J ns w. a\\ I. shell 3^ ^^ 

i tt • 111.1^ nd '^3 *‘" ‘^^1 ^ ‘ ‘ “ ‘ *1 * < < ■ np '^3 ‘ “ *^^13 *(3^33™i 

• 135^3^3 3^43^^. 

4JL-3—u| i^L.x^ 1^3—3 b^JLl ^-i4013 .^3__jla ^1 ^3jD li-l— laJ 

(_yil 4 -aJ ^1 4^ La-AJl>.I * 1 S (4^LlaJl) ^L>J1 

^^3-jJI)) ^ il^is aJ^ (Ji > i~iVI A-uLq—C. j jJ-a ''■ I 

JL_5^ *(ls)^ : 1 j< a l,m <33 ^electronic configuration 3<CIVI 

jlj (jit eLj-3:Dj^l ^L>J1 .4 .a]JLq jl t4 ^i jl a Is 3j-ui_3jl ^1 .W 1^ tc 

4-SLiaJl ionization energy ^jLIJI ‘f3 jl-^ 

4j 4JL>. ^A ft 11 t3^33jSjyi Jl>.1 jL a tV 4^jyUl 

^ji > '■ ■ -^1 ljub .3 ^^li^ 4^c^ (_7-‘^3 d — 24. 6 eV t4.^3ji 



6kAjlb!laJI OIaujul^I 


‘ .*1^1 L*'Lir^ t L^Lj-^^ ^AjaL^ ^^ ^ 

^j| 3jj '-l^J JL^Lui^ 

. JxU. jl^ 

‘. ^««"*> Vis till u jUi BjjJ 

3jjJ ■ ■■ ^jjjlJI ^ CjI j j_> ^£AVl fiJJt 

,2s 5^ miaII (_yi j Is 1^1 nTl tjl j T|: (Is)^ (2s) jW ^ 11 

^Ij-4jV 4->ojiUl fiL^L^Jl (jp3 *u3j ~ o3j J1 <1 a} ljj 

A__u 3L^I 4-JL.j-i.AJi (j-^ ‘" ^ n j ^ i,r^3 i30.6 CV^ ■" 2s ^jj^^.J<5CJVI 

t>9.n = 2 jZ = 3 iSj->. .13.6 (Z^/ n^) eV (jywjj.tj^ll cjljjJL 
0 

^L-aL.£^ c^l—=« _ A I \ ^ '^Ai tj? iS^^J ~ L>^2af Ijl t^_^J_i.Vl 4 .j '^LiJl 

iZ = 1 VL*-^ Ijjlc, \S^ 2s (jLfl ils ([/uj^^-jSJVL 

(_3jfc 4_j_jjj_jasJj| ^Llll 4-^Uo ^JSJ .ulaifl 3.4 cV^jjLjJl 4_SLl3 nij 
j^jAl ^LjlaJI 4J2t-(^l ^ ^iJi * (ji-^ ^ i n ^ I JlA . I = 3.4 C\^ a S -*.TI 
(Is)^ 4-aiai ij .’iiStl ^jL^ valence elecrtron j^liiJI ojlh^^ 

. LaLaa ^ .^aVl 4jSJj t< <'»'** II ^jja ij>^^ ij^ ^*J i^^ * Z =1.3 ^Jb 

itjUb .{Is)^ (2s)^ ^.Pj~^i) .^." tl c2jLjj|^jSJ| 4_ajjl j‘ Ti 2jjJ 

(jl VI ^La. Lo.^ iLaLoj I—d^LsA **^i-*^ 

2p ■ -n jL^I^ ^! jl.^ 'i(j-^ ~ ^^1 (—dMitj 

I ^ aJiA i^j—^Vl Cjljjdl ^3 a_j_i.ujj .2s “ "‘U 4J_dL^ 

2s CJ^ ^jA 4.^j^l '^ii ^LLaJI 4^L4i^ OW ^ ,‘\p 

4-jjj^"iS[IVI L^l i j ^jj ajL^L 4_^Ll3 JjLaXi i im "i^"i t2p ^1 

^^1^.4-jSJi L^j^l CjLoLa.^ cIj^<LjjiA.Jjj . I ^t L^j^i 4-a^^.^j L^ AuaLJ^I 

UJU>3~4^ LjIjLj I jj .CjIjjJI »^_uaJI ^L^y J-aLi^l I * ‘'^j ^ '>"* 


Vi 4a 1 a 


C^ V 


4_iALA^Jl 


L)-« 


,n = 2 aZ = 3 


yL^i^ 



%S JI 3 SJI 6 j^l 


4 i( 8 ) _ui^VL^ *(7) J[^ "i J r 1 1 ^ *( 6 ) 4, i(Z — 5) 

^) -LjJlzk J_^ t. ‘(10) Lyl! J-^ (9) 

i(ls)^ ( 2 s)^ (sp) "i^iyi jjS[IM “ill lii (j^jSLj i**.*..^i 'jrt 2 p 5 j Ml sti 
JIjiil (J-Iiij (_yl£. J 41 . u’l j i (Is)^ (2s)^ (2p)^ c^joJl 

. (ls )2 (2s)2 ( 2 p )6 ; (ls )2 (2s)2 (2p)5 

4 ) **^ ^41^1^1) 4ji^ <^4 ^^j4 (jV (I^lj4i_i5r) jLc (j^^l 

4^jLuij 4JJ 'ij^"C!Vl L>^ L^l 4^LlaJ1 J ‘ ^ j 

2p 5j_*!u_iJI JL>>lj 4jj)tj4 L 4 I .(^1J 4j^Tl tlajjJI 

<L.^ ^ 4lt ^j Ij^j tLoLLfl 

jj-^1 Juu t^jJl j-uaijtJI .4_4_4 JLStjj (j^ Jj I 4! t n^I" 4 

j,Li,_^i "^yi ( (Z = 11 ) i.*^ n 

IjlAi •Ss Sj_i*i 511 a iX ..." ^ »ilj ljuxlj Ijj;j.IiSL1| 

(Nc) ^^_ 4 ^I (Jiixj ciij '>• i(Nc) (3s) jj \3 ^ijjJ 

SjjJ (jj^ ijr^3 ij I 4jJ *cjj) J< n 

Lo^ jiiiU ^1 V| ^ b A 5 ^ in ^ ^L>> tfJUbj ^(Nc) (3s) tiiiaU 

* *" ‘J V 3p (^jXciiJLI J4J^) ^boL^ 

. ^L^Jl ^j^Ll4^ C7 ^ 2s (^_^ILi-uJLi 

P 4 J (jj =18) 1**^ J ":ttJ 

jj-4 (Jj^laJl J.i.uJ.j.u_ iJl . (Nc) (3s)2 (3p)^ j-A (J-jSUd_ iJlj (4 _ j _jJ^ 

dj^iiiiU (JLiJuVl ^4JJ £^33^ Lr^ |*j)j 

(jOLft (jV <-^-1^^ *' ^ j ^ ibX -v .Uj ... \ i^jljLj ^^) 3d 5j rtl I ^ i4-S 

(Z = *4p 5^ i^ii rt l.t ^ ij-ll 1 a!! 

4_jl^^j 03 J^J :4 j 4 iLt-u Jib4 I L-fal J J ^ (J^L^ 36) 









JL -(Ar) (4s)^ (3d)'0 (4p)'’ 


CjLjj^pSJJ (jr^ C5^1 

^4_j 4 j 'v I ^d 3j_i5s 5j_Ju_^l 

. (Kr) (5s)^ (4d)^^ (5p)^ ^jt ^* ^P _^iu—iil 

4£^jJ| i r<l .OljjJI Cjljj[^.^SLlVl j-^qJLuiJ i Aj 

Jl:>J1 IjlA JlIc. 


UuUttit j^t 

^«_j t4 n>iln"ili CjI— lU 4 ..j-ul1IIj ^ j r. ^^jLj ?JL^ 

. ju>.|j i n ^Lj>. (J-u^ Jt i""* ^1 LajIjl^V Jl^ Jljvjj V 

4 t 'y "i aj Ljljq (J^ 5JlC tJa-ia-Aj CjLjjj_j-dl^ 

cl)Ici<H.>Jl ^Lc 4 .jj>JLI 4^1jtj.^l cjLj^^j^I 

jLjtJ tjh->> ' cJ^ ^• ~ • 1^4 ^ M 

d)-« i • A ^ j-*!- c 1 i 1 jLj jl^o^ i (J-j—3 dn® J-* ^ ^ ^ o j j 


I»j(^.$Lo ^ ‘ ^ L^^jlLlo (JJi-tluj N Lajjl^. 4111t->"a cijLjjij^ 

jL>-tjJ) "‘ ol^* < tt A dj|—^ ‘ J ‘ ^ j 3^. ) » «ti I jl . Lf" 4—4—?£_>• 

^ ‘ “JU ^ ^ (.9-^ l-A^t i S" jlI£. 1 jg • t '" 

OJ^ (IjULj) i. .CjU^^j-aJIj CjLjjjj_Ji drv lS>^ ^ Lr^ 

jU^ 4 1 i liillj LaI S pj I II 'w CjVL^ t '•»■ “ * i j] LiJlJ^ 

(J^ I ^j4 4 jjUDjV 1 ^L^Jl 4 ) tcljLjjj^JI JLjJLC. 

pj i ju>.|jJI Ml ■*■!! "i <ii 11 (jji-ij cjLjjjj_di 

. ^ Lci^ Z ^jjJI JJulU "^j ‘ ^ 1 clilj ^^_i^Li±JI J-SC-> ' '^ LaI^ (4<) 

vIj^L^JI U^S ^ ^ t ■■...! d AlLtil ^ ~1 ^1 LiUj 

t**Ij Tr I ol^L^ — IjI j *v.j — 3^jJI d ^l~ ^ 11 ■ 

^ ^ d ^JJaj i4K lull aJJb jj 1^ Ml a H lyu 3i>4 Lr^ 





o-il^ I jj j ^ Li-uLu/l ... A N cLiljjj^^ 4.j-uoj^l ^L>Jl ^LLs 

djljj ^ ^ cilLJjft il>^ ~ 1 - ^ ) ^ ^' "JLj ^ ^j ^' 

t**t [ j . «i 1^ L^ ^ <-* 1 I ^ t**«i ^ i ^ .. -^ <LjO^^Ii-tJL ^ ■«««i t L) • <> ^^ 

3| l 1 4 4J i LjJ.4_C, d\i^’'t A \ AJ i « " r>_ \ ijS-M (,<J ^ t 4^L^ 

^1 L^iJteJ (3 ^-IaJLI ^ ii i^U Jl1c.j . I (jfJj ^_^-udjVl I 

CjL>>jj -1 1^ (1>^ 13JljA r cjL 4ij tu.j»<J 4 j V1 ^L.>Ji 4 txit i 

^ <"| " M (jl ^ ^ J i4 jJj (^llaJLi ^ 3 irf^il 3ji^^ 

4 3 j 3 'v. N CjI 4 j 4» *:» iT ol^3 i nl i^JlJII <Lc.j 4 '^ll 

iljL^ 4 iji 31 a \ «>>jT lolj^^.jui-11 i»Jl^ ^jja JuJulII cdLij^ t t^Vl 


tjjj — (_yjJojVl (_g^ "i i u 11 I ^ a L4J — 1 g i a ^ ^ Tr.\ Sj^iSLIl 

(_yS 4 3 J *i II 4.^,j3<1l . . l-3,.!i,Ji,j I j£LjA j] t J A I ^ 4LuJ^^ 

jj) ^ Ml., 4 LiJJij^ 4 j,xi (JLoojI lL!! I44 } cil) j ^l^JLll 

j iTill Bose-Einstein condensation <(oj3 ,^.nf - cJiJilij)) 

3 jl^^.j>. 4 ^jJ JL^^ i^^Llil J) ffr I!I i 3 ^^..>Jl CiUijjj^l jl—^ 4 j 

jjtiu^ij I^Jlc. j^^jJll ^3^3J1 (^jJl%j ^ 4 i u~> 4 t a 

ciUj l.^4J t^j Mi.'^iH i^jj"11,11 4 4it4 occupation 

condense <—3-ilSl3j Ij a 1 13< ^1 V[« ^ 1 ^^^I 




J *: 




^JL_3j jjI LIA ^1 J '>- 1 V 0-*-* * HI i^J ~ Mill fj^ 

4 3^ U» i 3 L^iSLI^ iaJJb 4-j:w^^_^T j 3^1^^^i«J1 4.^jkXJ 4-4, j .i^ 

number jjulII 4_aL!i^ lc.j 4i3^ L^l < n ">- 3.^jL jfc ,jo 

Cj 1 ^ J 4 ~ (J^-ui c_3!il^[3jl I jub jjb density 

3jij.^Jl JlLd / 4 3j-. A 4.j£lj,>al3j*>11 .4 ^ 4J" 3^ J nj A i 4 ij • A 


4j^jjJI 3 j-i3iLj,a (j-Ia.! 3j1j->- Cy^ 4 Aj t3>311 i<G^^JJl 






jLc ijI <LjwjjJI ^jja Sj^-iILL^ J^I 5jIj^ (jjJ! 

4.4.ja^SLll olj-tltJJLl j^'^r 1 5^^_>J! CjLjjjj-^l 

. ^ 'J* ^ j“tl t\ * A L^LuU^l .IlLi 1 — 

4 j i^\c. 4 j 0 AI j 4JLllj 4aiftC 4 ^^ALi j t j o ^ c)~^ t^Ll^ 

i^^Jb — Cy^ 4jV 4-:wjJLil fjoidLL A. i ^ 

J!L4 i^jLo oLdj^iLa 1 aI j{ (juU^jJa tSl • ijl ^1 ,oLj^j-aJt 

iciiij ^ ^ "‘ ^ d ^ ^ d 4 ..j_ 4^I (JL-^it-ll 4j^^Jaj 4^1 ' - ^j icZjlj jJI 

LaJL?fcIlLjbid4j Ji^-l^VI ^ . ..'^tl I I ^ " A t(^/0-ui-ijl ^LLnilujI 

4jjJ^ I^Ll ^ ^ W |»Lc. -i^Aj 1 p (jl I L*jlj 1 j<oL-ij-jij^^ 

11.1 a A ^jj '^\ 4 t MlU oVL^jjVI j-p^l Jl^ .4_4JjL^t 

itjiJL-flLlaJI tjl^) —ajj Ejj j Ej ^ — * (*^(-0—^ ^ 4—aUaJl 

cllli^ CjL— \c. _j \ ,0 j 4 *E|J ^ E| (jt " 4lj 

L^llnrt"iinl t>AJL-fl La tfL^I 4^j.jtl-a * W = (Ejj — Ej)ti L5>5b 

if 

I t^y* ttiA (_^j <uJ9 y c rt~ Vi Sill cibsorption 

La! .4^1jjJI iy^ LL^Ll^ 1^ .^1 ,^'',a\ a II {^y IIIA ^1 

^j-a (Jtf>j_ol SjjJi j rt fi* I a, wc, ^1 a Tut i« ^u4 ClTlission <^1 a iiVl 

. I ^ y I .U.A II i^ y . t < i.a 

1 . . .^1 ™ A .^" aVI ^JulA 0,5^ (ji ^j_ujL.»JI f^jja 

^ ■ ..i La 't-*‘*i -* ‘ i d_ 1 ^^ itL^ . ^lL^-sL i_uJ 1 ^ 

'w cIji iTt-j t 1 )VI i*j ^^isi"tl JjulXI (jl jjb (ji~ i»/jl 

i ^ LaLcJ iiVl JL:>'J ^ 

jj^jJ.t cjL^j- 3 (jd^j 4 t < f uLi^ ii} jjt rtl*‘ill t i.tVi 

(jLfe^ 4_jj^-3JI (iiij ojIj LaJ^ iljub *(3^ Cy^ 





(j? itli li \ ^ 1 CjLj^j—oJI ^mi" 5jjJI 

^Lidj .j|^.-LlJi ^ f^JSLuu 0^xjt i'*ilil L^tl« I 

jUw V4) ^ <^\y^ ^ *L7^ L^q-^ jL%-tLi ^Liull <_JLdL^^I 

^ cIjLjl^I tju^ La <LAJ^Iaj 4 _a l^ < U ^Jl^ t^’r^r ~ i it\^ 

t*<l • , iVl a, i miH ^q-lol t "n LiJJju * 4_3 JLj ^LlxIuVI clUj 

. '*•■**•* ■»u 

((4jt j A'y'iH)) 4 _c:^^JJIj (JiiJLl 4-^L^1 4jl 

<L ^y i L^i^ j ^ (cIjIjJ^I JuJljlII ^ ^ ^ j . 4 rt >1 ^rTi a CjLjjj^^ 

.T(^ JLaJuVI 5jI^^—>. 4_j:^j_i ^ A I M~ 4_:^jJ <“1 ) 4,^^ 

i^jjz CjIj_ui_c. (j-4 li-i y- A .>» A < A ^Jl S ~. <Ni CjLiv^J^ 

4 S^l H i^j;^.„AiJ 4 i < iiML J~~^ —u;^! 3.^—d CjI ^jJlJI 

i^;<] ,4i>>;i^l Sjl4^jj oli 4 jjljJL 5 i 1I superconductors 

^ 3jI^^->JI 4^jJ 4_^Lc. 4_3j1_3JI 4-C. j) a 4 I HI i!Ij cIIJjl^ 

3^-^ 4.j>.j_^ ^La *^0 < IAj jLjv L^_aLuiJl^l 

3L ~n 1 A 4 4 _l^LL 3jj) i^> 4_MiA.vl! j_C.Ju L^ 3^ Lt^ *3^^ j— 

(4_AL^i ^ j ji^ tl I ^ A j. j i4_3jL^I Cj^ <ojJ>Ij 

aJ^jj-u juu jJja ^...jLl /♦ A JLx:^ 3^^ I £ij...jLl11 t^VL^I 

3^" ^ * 3^ 3' ^' 0^^ t4_3jL^I ^ jL11 ^L>, 

Ldllib 3) ~ L>^ .(lii W>^ ^... jLl ',• 11 3^ 3.3^ ^ 

Ijl .^jLc. 3^j^ ^ 4 )j <II 3^'L>> 1 s \ ^ 3 ^ 1«• A VL^^ja 

^...jH <• 11 3 L ^1 3 l^ i3L3^^t ( 1 h* 3 ^^ l 3 ! 4_1^jlI1 lIjj^ 

VL%^ 3!^ 3^'^?dl Jl.1 t^A 3^^ JLftjl 1^3 * c_d^^_i_u 

3-^3-tt '>»ti 3 j cdi-Lft 1 j 4ij 3^3^ ^ I j <«jlr^i i»A 

t"^iS .Ltl ^"'■**-" ' ■■ 11 4.aJ^^.^SlJl CjIjLIJI 3^-^dt ljub Jl^ . 3^^^^ 






IjlA JlI^ *4_jJljJ (J-^ (_j.:wjL>Jl (JLj^I 4-La_ujt^ ^J_iL! 3_i_3tla_i_aJ 1 

J-<u3jJL1 ^IjLjljI { i t a t ) \j, A Jiaj 4j^ {‘'I'yr ~ mil jLj_1J1 



^ Llib 1—I If • 4—(Jfk-i'L 4 i j ifcj 1 ^ I 
^ " *j .4_al>Jlj 4iDL>JLI 4—>■! f(It,l 

I II jlol (i U (J1 '^11 5ii 1^1 L7^ 4 ■ j I jtjLd—A 

JL-i-lj O* (1)^ SjLui i^ljL_JI (_y3 oL^ 

4-t.^i.AJ lU La , 5 ^ 4 rLi.tfa<a j^i L^jLja — 5 i t ^**1 5 ^| 

jLuJ Juu l^L (JIa (^ j-Il ^ J < ^!l ;ji Jjfc ll£Ld JJ ■ A 

Ol-^L^l />! 4 {< \tr t a Olj-^J ^j_>3 'i^ rt ^ ji_ 

* 4 W ni jljLfl-a ^ Q — 2c t^plic / Q 

jldJI jL^I ^ 4j5-jLLaILo tljLjjjjj 4i^ IjlA Jt dj IjLa 

(*,f.j,,i,i j!j f^c. 3jL^ tijLjj^^JlSLJVlj oLjj^pilU 

j y * « cL^L^I JLfc^j a j^G lLILu^ L>^ 

^j! (_y^JLj .(^5jlj-^>JI 4_:wjj 4_jJa_dJtl^ 4_2uL^t Cj^L_u3^I ^^^JjL-4-j-3 

4JjI_oGJ,! CjI h'TT tnll j^) J—^Jl3 ^ J ^ 

^_^jJl 4 j.'w^l Luaj? jGLjj jJLaJl cuLj^^JxSjy I * (j— 

i( ) juIxGj L^J£LIj 11J J *1 ^ (J "i i" ^ oLj_iVL^ . ~ j t a .~.“ 

cjLIlijJI ^jl^ 4_^Jj (^>lvJi t!nJ 111^i ^^L:>. ^ j' ^ 

.Sj_ii(LJI 4_^jJjSLli 5j-5JI jjLfc-jj SjGj ^j>>t I ^ d '^ *.* ‘-^Ljj^GSLIVI 
LajjJu j-jJj 4 J ).‘t iju 4-^jJ ni a U3j ^1 L^' <ilJ.-L-jfcj 

5jlj.:>Ji 4jwjj ^ 4^LaJl jJLi 

o-^ ^Jl 3 tiA:* 4_ij^LiaJl 4_^jJjSLJl 5_^_ail (3>^J Sj-SJI 

(JSLg <LlajljGJ,l ^jl t iJaj„4_£. i4_i-:s^LiJl , 

.Q = 2e42i^ " '^l (jr-^ ^ o—^ ^jSLil SJLjjHI ^LajJa-iilj 




i^jl9SJI^!6j^lO0 


<Lc.j) 4 11 (_;^J — JuJuL >c \ Ijl^Laj 

.ft I ^j.x L^l (3-^^ lX^j^ ^ La^jlc. ^Jj t) 

CjLiwjJ jLi£, CjLjjjj_Jl (Jj .CjLjjjj_Jlj 4 ^ j I 1*1 11 ^IjjVi aJJt (JjI 
i i"ti'i~y .^^LxJl > Jt <~n ^1 ^_^\ 4—iJ^_d.ie_La 

4^L^J1 pLijl I \ rt rt~ cjUj^ ly 1 ijh! ^ j^ ^1 4 _^jLH,I 

CJ^'I l^jJLl I—ol ^ ^t 1 I a " 1 d ^ I ~'< 

(J—^^ Slbj* (J_^Lu ^ ^ ^' t~<l "Xtyi t4 ^L^t 

. jl 1 ^ A" 
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L^ljl >..ia .^ ^A 

cltL^-Ia^L> t,,*.!^ "mi a ^Joj)I:>.-^) 

J JIJ-uJI . loSljbj ‘J y j y jIJljl! 

SjJLl^ .-.1 .t l . ^ Vl 

^Jj ljub ^1 4.^^— 

J ^ 4_j_^4SLJi 4-^j l^lll J ^ p1j_>-j 

L Li-aJ-^ JL->• ^ J ' n * 4_j_>>LiJi .^L-iJl^Vl 

J 

5^^*la 1 ‘^ '*- ^ ~*-—L^ J- ‘ *~ 

i^l M I III . (j-ul i Sj ^ "kI ^j| lLUj * 5^ j '^r a J 

4jijJI ^jl-^ 1^1 L7^ 1 ^jll 1^'*J 

y 

t^_^jLJ 1 a, \ if J ISl^l^jl 4-jJl a*! *^^1 

(JjIiV ill (yu yA '*■ A f 1 s ~>1 ^ i "i"* 

a A J U ' ^ U 4 _j_:kjJL1 jJI ((jL_^Jj)) ^ t4—i-u-BLi^l 
^j_a ^ “1 '» , Sl S " 1 11 ^1—>Ji 5 Ij) -^ ~ ^ 






^j-d LI ^j. 
. 4.4J.da>JI 


-^J ^ 

jl L^jljj 



SjUl o» 




SJi jL^_:^ . a ^ A A 4_^1jlIj 1 i Cj 

ji 

- ^ "^Vl ^' 4 "^ i^.ah^ Ji CjUL^-XiI I^JJ^ ^ ^ - 

. -ij-a>a (j^Lj^ (JSU (_>s 3L>- La dljLj^ j tjl flit jj£J 

^Jila A| jig'^ll (jl 45U~ll 4Kj mU 4*^“> 

Lla j)LuVl^ > 1 g^ILir. ,..l j <j 1U11 Q^ <A ^JiLa clju-jJaJI j)^ 

oljL^^ <L^l!t ^j-A |4£L]1 a 1 gjl^i Q 2 j *^ 1^ 4-^j)Is '/A ^L^SL 

CjLl^L^ jbjL^ ^ *.'L - ‘Li ^ 4 <uJ| 4~i -vl 

(jSJ . 5j-<a (J^ (_^ 4_<-tf3Li^ 4 '»j~i 1 I — I 5^^ ^gl^j u^jj_u (3 jLS->. i Q 2 

(j! ^ L>^J *4 tj lUll (jjfl Uj-:^ Liajt tjl 1 ij 4 A 2 

lgJtJl>- JijjLj Q^ ,>^1 4 4 -^j)1\JL4 Q 2 ^2 jl I U.,^^ 

A ^ iiJLljb .. uLaii-a cjI^I 4 * -wVI ^| 

. ^Ll>> ^1 CjVLajijwVI (Jj->tJ 4iij^ (j£. i.iti,ui*vj 
lu^ djL^ 4_^jJ^iLo j]l . JLjj4J Ijl^ Li^j 

ij\ < 4tf> t4^L>JI d .^. ^1 • tt I 51i^**i A jr- 4 ) j t 4 t’-ti 1 j S •* ^jLd-uJj .lJl! 
ijf . jLlLo ^5! si •" A 5j j Lj^(Lijj.^ (JjLjuLo pj ■ - 

.^^JjLX L 4 uJiUI 4_i^_^ Ig ■ “1t i^LLitt 4.j^aSJI 

JLjJI (_j_a 1 1 j iM jl^l 'i» A Loj^ 4 J jjl VJ i 1-^^ ^ ^ ^J-sLa j A jjt 

dll I II 4^^ i>i . ^ flj 41 ^ I IIJ J.JL 4 J ljubj . t"! A djLjJLC, CjIjJJ ^ ■ '-Mil 

O. Stem «I " ■*■» 1 ^ A . 1 ■^ *~. . ..\ 4-^l_l_C. I ■ 4_Lij d 1 1 i A . I ^ Hi I 
^ j f ^ '■■ jLii 'i'm a jLa:_4 •^1—^ 1 gj ‘S'j-jQ W^. Gerlsch 

. Z JJ,:>JL1 ^jS^J t^J)U 4 ^LmI (Jj-L (—aJJl 4 _^j_jQ u-oL^ ^ .. >1 y~ a 

^_^Lij l)**^ LftTiU ^ . '‘jLil i« 11 Jl^JLl dll ju aLsII 

dJj-%^1 4^L4^ dy'iA tj_i^lj^ L ■J^SJ! ^_^LIj it U ‘ ■L.^li 

jM oLzkjII (4^jj) 4_5»_flJ Sf M m ->11 (_3-iiJl L^jlj-ll 






lJiU) q\S llij (MJLo (jru^l (_yJ|) La ijL^l ijL^_^l J^Li. 
.jJ-^ LiUl (jL^ i jl (jL-u^l (jyJj) 

iIjLC. j^'‘ 4.^->Jl L A L .'L^ A jJ'^ ' .jLui^i CjL^LuiSLXI 

lJiIII (jlJa <u j!I < 1 . 4^1 (—dLLSLA jjj cr^l <LiJJI ^jt Liilj ^cLu 

g# 

cJj J ^ ^ ^1 Mi^U (Jj-icJ 1 ) 'iK AJ i III 

✓ r I *** 

LoLaJ a 4J t ^ i". A Cr^ij lJlII NI Ct^! 

Im^^j ^U (JjLa_lJl M j—a^_^j j-ul * ait M 

\1 (JjLuJI jj»LSl 1 ^1 .^Dl cJLdji,! t rtjir»^ 

(jr^l (j^J 0^-^-^* OjLH>r^^' 6* 

.^1 ^1 .-iUI T ,,.^1 >(1'- M°) >ojJL i^ljLJoVI ilUJI 

^ j t*7t (jl (jj-5 i—sLiiiSm J^L>. lia^L^ tjl 

M : (T. M ) ^ A L-A-iJiSiJl tjV• t AJIL^sJI i t. Ttlt l 4JL;>. 

La JLx ^ JLUljVl j_^jJ IJlSLaj (^1 lJiJj 

:^_yij La^ ^j-uL^ 1 JUU JLaiJl (_^L^1 


(T. M°)^(T. M+) (7.1) 

; Jjfc 4^ ,_(ii-ul 1 rtlll ^L>. fjjs (JLSjjl 

( i. M° ) ^ ( i. M') (7.2) 

IjLib 4_^L!m i^_ya ^LiLiJa ^L±j 9 LilLljb (jLj JuV 

1 A M ^ i(J-Al^ LT^ 4*14^4 (J.uI_J_aJ 1 jl ^ -W q\ "t 

j1 1 ij AJ pLifcJ^I t JLiJLl Jj 1 I >1 • L^LlLwI jJljljj ^jOj) *i ?f. a lLILI^ 

Jl3j 4j^jJLI 4jt_djJl t<a^ Lj Jl js j (^JlII .IjU^ 

jO ^ 'J'^J TT U1 «U:^jJLl 4 ji^Jl 11 (j IU n ^jt LtJL%j 
^IjuJi 3^^-ui!lxA ^4-ja^ jl^JlII (jV 3^} I—flLt^jSii 11 ^A 





i In^TI JJL>^ jL-ji^l (^1 (Jj-4J L^jVj tLo jlj>. 

4_^Lj^ Liiljjb j ^ ^2>^L4J <L>>jJlI ^L-iLq-jlII 4_jj>>L1]| ^ 

(Jliil ij-JuJJLI 3 j 4jL^j (j_uLj^l ji ^ ^ LiLaLsj Lul 

i^yJb ^ 4 i*C ^4 4_j.x^ 4J (jL^j I“< d LuJul (j\j (^jJI 

^j£. 3jL_j_c. j' jj liUj ~ ... '^ ^ ^iIaJI 1 ijL^j ,N1 j N1 j 

CjVL^j to Ijixil ^j-4 JJL^ ^jSLjO (<Ljj1 j f ) 4,^j) ^ i iij[j-^L4 4_4^iaJ^ 

^JUb ^colb-u (JjJfc’j ^ I ^j-lnTt-LM) Lj tSU . JJutJl 4j4ljb 

9tt 

^^jSLq-11 ^^^JJLI \ ^ Ijl^ iIjVL>JI 

j rtll JJu^ ^Joj) U-^) CjI- 4^L^ 1 ^ ij > nil 41 ^ 

4<tU (^] t 4 _^IjJL4 ^^4X.J CjIj.^ 

1 ^jir. Jjj (^yjJI <tc.j-4I CjVL>. (JS Uj-il uaUIj 

(]>uji.'i.4.1l 4-i_AjiijJLj JiiLj iM"'” jwo^L (^1 (-iiill 5jJj-a 4 t 4" .>■ 4 

^1 .jjji oi^ i^b ‘ J> rti«^ 4 14 41^4 (jL^ Ijl ■.(y\.jj^^\ 

4JU ^1 M° 415L.J1 cTiVl^ ^Jl^l (JLdXll 

i(M' J M° (j;yJ5L^I ^Uv ^1 M"^ ^ L^ 

Ij^—ui.^ tjjLL^ L?-^ lJlUI ^L>. '*■—■ ■■ ij ^ 

j-^ ^ I “' jb ^ T J^^ (Jt ^\ t4-^jSLi^j[j^Li.b .4 cjij.4JLlll 

^^^Lj. 4 U iJdl—^^L jJ V l^loXI ^ < L^ ^ J f (tl t 4_LiiLui_^ 

3 ^j-fto^aJI <“^t 3 ^ ti t Vj ijL ^.^1 4 . 3 i>jjLt .-L-<..ti Ijl^^ spin cJlJJIj 

^ j ■ U1 i logo J ^' 4-^^l_ lIIj Vj ^1 4_^^L-£. ^ n ^ I 

. LvSLaj (^joi^^LIaJLI 

(jjJu L 7 ^ IjL^I ^Jlj ^ ^j^4j L 4 ^1 

^Lj_ 4JI jl ^ Jt nIL 4 t 1 ij ^jJl (^jJll jjb ^11 ^jj \ L5JI 

. (V.2) j (7.1) (jJs 4 " II (_^L!ill LiJji t ttJ! jL^liV 





oVi >»H ji ^jj — t,^ lU ("t j 'w ^j,x — (jSL-oj ijL^-jeJJ <LaLSLIl i“'l A 
^ iL^T 3j^£^jLll ^i tl cj|j 4^!1 jIj£LI1 

(7. 1 ) jLx.4U ^^LLJI ^ ^ Ua ,^a_4 ^j_4 j ^ ^"At ^ ^’jJJj^lI) ^jLa-4 

IjLiK ,_^^jJl H|->!l !jlA (Jj. 4 ^jl ^ 'L^dJ tlv® *C7*2)j 


^^lj.t.li jL^jibJU 4-lhuJIj 




SjL^l^ i .iMSUl J Mt “I I 2-i)-^ cr^ t4j ^ a J . V ■ “ < i iu ^ 4j|j ) 4 4 i ^J (JJlJI 

d tX'wV 11 jLcTt^ VI ^Ll^VL) i^J^lllI 

^ ^ ^ ^ ^ 

^1 cJiUt ^Lj I—^ ‘ >j ilJiUI (juiLj-d JLiixj VL.i^j1 

Liixii 4-iiJl "w ^ tL^Lj IjH-^ i jV J-d-uf! 

irf^j > rtlilj ^V>^j oj j" d> 0^ ^ ^ j^^11 j 

^1 t d 111 CjI!) 4.jk_djJI (jl 114I r . Ld'fl .t d III JjJLsc-l! ^LiduL^ 

j_jJj J-d..Ai,il ^_yJI (_dJJl CjIj 4. .* gljJl j_^-u3bJj 

Liij^ iyjL4 ^1 Jl 3 4jt5jJ1 ^1 >ji ^uAi 

cjL^J (.7^1 (—^1 Cjjjl^ jl^ oj^ 

* 

4SLL_uj i^jJI jl I <iU 4 a jd 'w t_dj-JU ^ (Jlj i» II ^jSLI a J^! 

j tji^LJuSLlI (^1 ^j£. JL.4^ CjjI 11) mi *w SLa 4 ji^^jm ^ jj 11 4 jl^jJI 
ljub ^ '^j ^jAl A ;... 'V. . j " ■ .M ^ L>^ 

11 < III >> S^-i^jJll LiUj jJl>u t L>^ .(j^ljall (_7^ JIJ.4uJI 

iNl Jul£. 1—oJLir ^L^jij 5 ■>» A^ (^1 s uLj i.£iJj i- 1 ^i«^ <1 \ 

... S ^ «>« t t jAI ^yi (1>^ * J-I^ 03^ ^ ^ 'i ^ 5 ,2^ Ajj 

CjLIsL^jIj 1 liVt LAjUdt i|4£Jt ISLjjKj a . I 

4 I ii m M 4 4 -a ^LIj Jl^^ La. t if L>^ .lLUj * t JUk 0^ 

^jLj-i]l aJLA ul JjLj>tJ L^l JlJ ...“ V ^4£L11 iC ■ A^ J A ijl-B i^j.ul_J_ai] 

. 4 S lii^H JU44 


Jl-S 


A tl • . A \ (.£jjj t -M ^ 1 ^ 1 i ^ ^ \ 








0 . 5 -^ Lq-Il if. 1 4 ^. Llli—i-u I ^ 1 uJt-djJLl IjL^ 

: cJiillj (_yJj (-alll ^ 4-S\jIla 'F ^L>. c^SLj-uJI 

4" = aT + bi (7.3) 


. ijap = a a tiu 


i a + |b| — ] 4 ^Lijl^ t) a 


;^,^oJL_>Jl (7.2) j (7.1) (jOJjl » ^ ^ (jjiL_i—SJI jL^_j>. (ji—^ llij 

O' 

I iiTl '(J^ —I lJlUIj lJlU 

ji ^ ^ ^^ .iH ^L^JI ^1 ^jLjtJL Jf J -n^^ 

:4^i^l jJ 1 ^~ »I 4ji_u^aJ t^l »*\ 

4^ ^ a ( T. M+ ) + b ( i. M') (7.4) 

(^J t_kUl Jl g" "vl L jofl.j rtti 4-;^lJjl ^L>J1 J.j. !•* rt" 

i ilUl (J_5 Sj (jt (jLqJl>.|j i|ap Jjfc M S^lIjJI (_yJJ 
^^j^_>j| ^j) ^_t ^\^1 . |b| jjfc M SjjjLiii tjij J A I lit 

IjLj^ P ^ ^ jL^_^ 4 1 I Iiillj J-J-C. ('!'. M ) jl (T. M*) 

Uy—^ (jl^-^Joj (jjj-l-Il ^jj,V ‘»it 4 imillj Lai .(7.2) J (7.1) tjOJjl t al) V jl 
Lo ^1 t4 7'J~* ill ^ ^ 'I ^ j < Lr^ LlJju La ^Lb t(7.4) ^jLaXI 

(jJLjfc (J-uJ (U |^jL>.j J rt~l I IIJ I a (jl^ Lil LoX, LlJjU 

t"lij^IjJJ jL^I 

14 ij t a 4 aU ] a ^LlB jl OBj^j ljl *JUJI ^.Lnj 

^_yjJl 4^1 jJ 1 cljLt.uLiJl (_yi£. (jLaVI j-a jt aj <—iM jS^J 

L-aJ ji () jjkijj ji JjV^) jJkijJ 

cljjL^l JlB 4_j_^jI 1 iiljlll CijL^ Ijj La 4_B^^jLja ^Ljj l-B_^_ijj LiL! laat *(^4^1 
4 J 4 j S . ..1 ^ jjt L^J-t_l (_a^ L>^ * L7^ ^ L7^1 ^1 a J S 'V. 

4jL^JJI jJ LaJL.1^ 'Lrt a L^L.B CjLLLujVI ^ 1. -t... 





?ljDl ijj^ 


jJJuk ‘"'j JL-il S^l a ~ y)l\ ^‘^-1 jj 11 J g «j 

cr^ ^ Eugene Wigner« 

(jjj L^i t j " .1 111 ' • * ‘ ^ ^ ^ I ^ ^ (J.£|^t-‘i 11 ‘ ‘* L>^J * i j -s^ \ c»<A.>^ 

S^>o ^Li! *tiUj - 5-^1 1 solipsism U'Vl 

(^1 i-flj-jtj ^jl j j *^Vi§ner s friend ^ ^ ^ iJL^ j— jJL-c.1 

^ ^ ^t ^L_iaij9 i^i (3jj^^ 

4'yj"ill CjjL^ IjLo tj-SL!j i|CJU)) ‘((JijjVl »j) i^'li Jlil)) :^jLjuaJl Jj-Sj 

^1 (4JtJ_uf £L2jJLjl^ Jjj (jL^ LojlSj l^3 Lt^ (J^-^ .((Sdlll—i_u) ^1 

£L^Ll^ ^IjJI OjL^l j1 lJlI OjL^t JL^ 4 j^IjJI 

jji 1^ J-A ^L-u^ CT^J LT^ 4 t^4jJI I <11 


j-iMiJU 4lj_U A .\, 1 4- A Ijj_uaJ 

III "v. 1 ^ j ^ ^ 4-^1 Uj <"i 4 _jj.jm dj '.|«SLJ1 
'fcJ 4 t Ml a 3jL^ 4lj *) j>> 4^ j-x-jjzw jI JLc. 4-La^l ^ ipl Ut i 
3jj I jj . L 4 L 4 J ^LIL Mta ^Lu 3jj (Ji^o JLao^l 

j^j.,>*j L^.1^ 3 ^ ‘ ^ (iZjjj^LjxJl ^ ^ ‘ ^ 1t faijj ^ ^ 1^ ^Lf 

(jl I U'^^m ^cpi^ I jLa . ij^ 4_^^l i^ljjlj-uijiji Qji 4_ja^ 

^juuJ S^L^jtil i&jLdJ^ 4 ^L-uJ 1 ^ ^ M 1 a..t<f ^a£L!1 i£Lul£Li a j^hlai 

du±^^ji 4Jlj — 4 jI£ij~ '» aj cJi^£LJ! — \ ^ K 4^j)IMU (jl jl j ^ 4_^La| 

1l-.-jjj:ij t ^ .j'^g ljuk .4_p^j ^*M A L^ljj ^ U ^tl 


^ « 


S4Uiit L-3jj^^jL^ (Jjk itljljjJJ 4 j III illj 1i t j ^ I—flj[_^JLa J^j-uDj-a ^jl 

4_cL 4^I pLua^l JUu lJl^^I La j1 LI i I a lU 

.3Lj->JI t ^ Laij Al j a Lai ^L^ti • ;y*‘'‘y ^Jl:>-1 , isrj 4jp9 





^1 (^1 i(_4^1j^l j^Lij <L^j[^t-jQ d A jL:>.^ ^ 

. Laju^j^ ^ dL‘ '^" tj^-4j a^jl^Ij 4 cigcnstiitc 4^1 j jl r,,.J 

.4_l^I_^1 ^Ij^I ^Juk (j*Li jL^itJ ^1 ji I'T a tl cdJj 

. L^jlS> Ua^^La ■ '■ L^f ^Sj SL^_uL.u^| ^ Laj ^d UStI ^j£. I j|_4 

S^L^jlJI Ldju^. ^ Ajj A 

LaJUfti) 4ie:i2 Cl)^ ^ 4 rtjn^ Ul^ 

' *1 ^". a^ cli—AjL^u d j!i t j Ly^ djLu^l JLo^ ^LuJI ^ itj 

JuLj j^Vl (3^-se-!u Ja 4 i m ilLj . 1 ^\a\ ^ t ^ 

.4_^j 4"n a :t^l^ (_yaJLaN Cul t4lnrt!i (iJL>.^ (33^ CijLfl ijij. lall fj^tn ->11 

Cy^ (_y^ tl t_a^ 1 "^Ifij .U'wV 1 4 uiifTlj i Lij S^ 

L 3 ^ Lr^l J-lxal i j^d-3j t In i »jXaj i(y>-J < ru .d) j JJ <^~ll 

Ijl^ t JL4!1>.VI AJiL IjJ*^ U^iirfTt'd (jc^ ij!j t4.I^.4.d ^lliJ ol^ljj CjVUw 

LIjI ^ c-iJ^Ju!! . 4^^^l dLpJl l^^Ljo 4jV LnA.i a JL>. 

.4Ja>>^m (j! ^] oL^ij.l]| jy* * Jaa^^U 4 imiTlj 


1 !•. .1 •!. 


(^jLa.1 ^IjuJu to .( 7 .I 3 .) JSLilj 4je_JojJLl ~J1 4.^ 

(J n^ 1 ij .A Ju^ ^^LlulU d t>>.>k L A, dlj^ S jJUaJLl 

jlI^ d^l__... A 4jjlu ^.J"^ ^ ' -j ^Ld-uJI 

JU£, ^ it 1 ^Ljt JlJI ^Jb La^ * ^{ 1 dl ^:K a ,(Z ^jLc o\jja 

^^L-iil^JLl 4 rfcJiJ CZ /j ^jlll ^IjuuJj^ < ^11 Ji^Jll tfL^ol ^ ■a."<-fau t B 

L^j_i_u ^aI .^.<11 ^pa i4.^L^ 4jwjJlj d ^ j • .>> ^ jJu^II dJL-lif I jl . D| 

^d ^ (_pxd t~n i t JJ^ * L>^^ ^CjI J-£. j ■~it ]^U jl JuoL ^Lj^ 




. Dj igi-^iij iJ[>^Vlj ‘Dq l^l-y itU CjpLaeluj^l (_>iaJU * 0 ^^ (J>^j 






(j li ~4H ^ J j '^tt c^Ljw 4^ ^ j 1 ; (7.1^) (JSLul 

. t J Lul^ VI 0 



:(7.1 b) 


4 1 iui !ij t(JjiJI ^_yjj (Jj.^ (_^jj_u IjL^ ‘.50 ! 50 (jjjjlaJl 4_JL4 uL>-1 
‘.A —^ B —^ ^II '“0 ^jLJ (4-ijL-uJl Lljl!i^L>Jl 

ajjju^ dJubj . A —^ C —^ Dj jl I nU t^^lLyj 4-> all 4 * tuiTljij 







^Lj J t 11 j lIjL^i^-^LLI i 'A uJt .clJjL^u U, l_dL4J 4 k ^ I Hi y> 

f^jja LjI ‘^^ "‘j ^1 ^ U3^J_^ l3^ ^ Cy^ ~j iiaJl 

*(^JJL>Jll I III! 

o\ J-^ .(lAa) .0 6^' 

I jl^ i S .Uj . Cy>-y^ 1-4^ 1 I «"<t ilij D ^ ■>> A t rt irf^\ 

i 'V *J « tlj_jjL30 Dj ti I U J^l < ^ < <1J l_.4^jjJl 

d IM ^ A d j i>\ 4 i < ■*» aI\ ^t ■ ■ - _i_2J .1) (^\ (_!**'■■ * V 

51^1 Jj__:wj (_y^ ^^ uli (3 <^> .1 i 4ji^__:^ . 1 1^ LiiJjJ L-aL^j 

LiJLijb <^4^1 iSl^Kjl e-uL^I 3-ft D , li \c, 4.ua_jua^l * ^ * 

sT^I c^L^ * (^• ^ ^) (J^ *“i S"^H^ LT^ jl. cilU Cy^ (J^ i 4" 'VI 

tji IL4— ^3^VI (j^ 1 ^14 ^ J i< C 5^3 4 1 ^ rtll c ^j.A> 

JlLc 4—x^-fciiii..iil.i 4 1 y.i ^ (7.11)^ I— 4 I .30.30 

^jlill 4 inTl ^Jj^ljJu t*''j ^ ^jO-4-i-uJJ 4J .... iti 4^1j)l (.IjJl^o 

iS 

. Dj ju£. ^LIj ^L^IjGj Djj ‘ 4 ! ti jjic. ^Llpj Lo J-S4-) ct^) 

4 J Lijk 1^ A^l ',\ J-)JL>J1 jjJoilll 

sTj-JLl .delayed choice (J^jll) jl "i 3j ^Ih; 44^4 

^ 4j| . j^V Ca^3 jIjulII jL^ ^1 ^4"f I iiij Dj (^4 dll 4_j.u!u^ 

*5j-c 5L5t_b *o^^j ’^11 CajL^ Lai^ .1^1 ( jUsUj ) j__ij 

C.t^3 ^jjQ 1 Ti A Dji ^f"il dlljLCr J3_^l L^3_u .0 Si^l JL^i 

J-Ld . |4^1 t£^l5^-L4 3Li-Se.^ LfJLlib ^j£Ll . D| CjI JlC (ju 

t~M '»■ 1 L7^ L>*^J ‘^II t M'^ "i I »J ^1 1^JL%J 

jJ udJLI 4— ^L ) oil p A jl_^ j ^3^ (j^ M 13 J 

Jl^ (^^3-1j 1-4JJ .(7.1b) I M II L-jLuJd 4Jt ^ ^ ~ *J |4J (j -43 tL^l—JuSUIj 

^LuLi (4 ...^‘i ^cSLrw) 4 .L»j3J Jl3 (4.j_>.3X1 4^jjloL%j (33^ (jl 4 (^ 331^1 



(jl .tUrt ^ D|j I a 5 tl . ..1 £Ld-j.d^J1 LdLlik (j-^ - 

jJjj-A LftSLa III U JL:>-t J *3J tjl 4 jlc (jL$ (jjjj^l 

1-4 fjVl 1 4 1 ^ 4II 4_i_^ j_y"<.4 jlj j^tTJ Jotin Wheeler 

cjjLjm JjlUL C^Jj-r^l JlU .^VI 41* 4 Jl^ 4Jjl^ 

4_j-u 31 jJLL^ JjAjO ^1-LoJl2 Lo ^I^SLI Iju^ (j-4 

. lT^ Lt^ JuLp 4 jl^V| jl hi 4 ^ aSjS-w 4 

jt ' ^ ^1-6^ 1 t^jn^tll 

Ijiik ‘^ *.tl L (jL^Tu V "tij ^Jj • ^"!l 4 .^cilj 

•M iP ^ 

a^Us ^cSLil l£[jjl5Cj>a tdllj ^4l(j LaJu^j .4_^lj.i^ CjIjlC. jJj.4 

jj^l LTt -^llj CjI 4 < U all Jjl 4^1 j Oj^ J^jJjj ^1 « I ^ iA^i 1 4 '» ^ ~ 4 

♦ 44i\V*hiII i n'ljJ uy^ I i 4* t"i 4 ^jljI^ 4,i!^uiSLj,4 OjUla [jbj^ h" 


(j*?* ^) Pi§j"cg^<*»*«P i«"«J ^ \ 

Cjljl^^^l jLui-Sbjl lIjIjJ^ JJU t ) \T' 0 ^Ix. (_7^ • ^ 1 I n" t IIJ ^ 

Podolsky Einstein " ^‘n\ LuJ ijj _t jJlu L^.j 4 4 j I 1 

i 4 (jja ^1^1 jj-uaj ^jl£^ 1 j| (Jf=-1■ -" > IIjcj (EPR) RoSCn (jjjj J 

. 4 _Ll^ t4 IAi X 4 SLj^I 4 'a 1 ■ 1 4 a il \ itl |jub *^^^1 K ^ n 

(^JL:^ ^1 4"iAI ;^t ^j[» :(_^ij 1 -ft ^ jj-ailL Laj-S^JLj ^jl 4 Jl 4 41^ '^ll ,j'»~i hmj 

1^ jJl t1 ^^1^1 y J1 t“ f V1 JL^U (jl t^Ajcj 4^Ljj-^ 4jjJaJj 

.»a^^Uni |_^ (J.4JU c.7^1 ilrv^ i4j^^-I^ ^1 ^in'‘tM\ V 

^jl c-4^ (_yjLj3-:i_aJl j_i^il£. J^» ^jl (jlolj-lal L^Ii 

L .\ Uk~ ia a >iljub Ijj-pLclj i«4_Ljljy^^i ajj.l^m 4J 

jLjlj-£.V ^ i.<t ji _| >11 4 !-^ ^ . 4d.4J<S> 4 4^ In ill 

4.j_ 4SL! 4_jj_i_dj 4..4-J.4-t I■!Tl 1 LIjISIaLi (jL£^ I j|)) ^ ^*1^ J 



uSjl3^l S 


a U ■>>! 0-^3 a A\ ^1 < 4.^ljj.^ 

aJu^^^JaLiJ ^ '• ^- ^ JL_>.^^ cL^L^ i 4_^Li 

aJUb (j1 1 1'^ ^ lIL)^ t^c^l i£l^Kja ^1 ^L^ja *x2j ^^j"^ ^ 

— ni'nl ^^.IjT «L%_l1j in LIL^J .4_JLc cLxjJu 5!j tS a <li^L^| ^ IjVI 

^1 Ijli^jj U"..." lIL^ 1^ Ujjj ~ 

j j “ ^ 1 Jl^ .4-liLaVI JJuu IjlA ^ .^«SL1I L£[^l£l^ ^.jusjLjLja ^Lu 

i ait) L>^ iLd^JcaJl ^-lIoj-II oLt-uL^ J I 

i^UiXl ' ‘ “ ^ (( /2^ ‘ ^ ‘-^ < L 4 ^ /at cj* J ‘'' ^ Cy^ ^ IA ^ 1 " g_ I .Spin 
uiP^y* (_aJ oL^j_a S^ (e), Sy (e), S^ (e) i>iu. ojlh^! 

^ S^ (p), Sy (p), S^ (p) JUL.J ‘.^>^1X, y, z jjU>ai J> ^ 

(^■A.i-uJ ji.rtl.il ^^JalL 4.ju3LiK ^Lih ^^1 a^laLlLI cJlUI 

LiJe3U-^! ^6:'^ oA Spin - Singlet state uAUI ^^LkI l]L>. 

^ V‘ 

1 4aIjl>.| i 4 j ^ Tril 4j| 1^1 1 u a l^jI^^I 

JA^! ^1 4-flJ Ij3j^y t JAx4j 1 4-iJ 03J^^3 c3! ^ UJLP^y 

:5'jjjl^1 (j 3^ rtJufc 3^^ L_fl_^j-uj .^^i£,l (_yJJ <LaJ 

(Ti-Ti)/ ilT (7.5) 

^Llll luJl j J n i _l j tjjjJjJi^yi (_yJj J_>. (J^ ,_y^ ^C-^-xiJl j j i ~ i j 

^ 4_j.^JJ1 ^L>Jl aJu^ lT* J ... '^!l jIjlc.1 ^ <GI 

t4_Ljji_^ l_a .3 jl->> (,^-1^ ^3^ ^ 1 Ai A 1 Ui 1 ^L) I -q ^ 4 -■■ 

tU Li>t ^3 4 I 4 L!l ^j-oAj •LJ’^-»ai La (jy!^ 

(_aJ 4-^j_a 1 ilLU^. Jljjl^I JL^T~^' Lt^ (^ 

LiiSLjj—li ol^ tjr^' Cr^! 03^^^ u-**^ 

.50 ! 50 (_yjfc (j'OjfcjiiJI 4^1 .^jiiSjalL (jn^allj cr^l *.'TJ 




?l2|[ll I^Lo 


S L 3 ^! * t iiii n tft _ ^1 (^1 (_yJl : ^Jt ^jVl jlj_ uiJI 

^1 Liil^jj CijI CiJ^ 1 Ay", A ^1 ^jl •... «j 

^j L_iiJi J-^ tji *^ I ■qe.j t^lluaj ^J^ *Z (-iJJl 

!j^ ' I A~i iSt ll^l L^jt ljj& iu\ (,^^1 <_^} L-kiJl OjI CjJlz^j IjJ 

I j-A (3-iij t ;ij< .j-i-T j>L^I jl ly ^L^VI (_y5 ji tX cJiill 

, V t II nj ^ji (jSLoj V ^jl S j *-j I (iljT (jjj 

4 _Jj (Ji<aj tjl V t*l La SjLJgj (_^| ^j1 t*'«j 'v) I li jxi ^jjL>^ijjij_J 'trill t*llj oj 

^X.jJj L 4 JJ • * ^j-uaJl 4 £,j..uiJ t*il3‘iil ^ 'w (j-u^ 

(—kJ (^1) (^j l^lI (jL^ lk[ tillj >aj 

L-dJ 03^ *J M 1 1 n lUj (jr^j) Jk miI (_yJj oj^ llj 03^ 

tjjJ Lj-(^ ^ ^ < r^tr jjj 

. ni^ y j_3Le-4U 4jUbujJlj L^i^jie-us llub tjr^ 

d^Liii JjljJI j j ... a ~ 11 ^ ^ • ...illj «‘\^~i-u ttiillj 

J-l-a-d ^1 (JjuAjj yl£J ^iUIIj 

4j^lj (j_d jui^Li^r S^ ^ Sy j S^ j-f‘^ 4j_(jijJLj 

i^duna t <LjJjLp t kit ki^yUJI oL .^^1 ^1 ^^SJI jUt^l ^1 »1 ‘(^j^l 

lJlUI oL^j^ 4^j-*dd 1 ^ ^j^4j 4j“ kJL^ ^ ^1 Lr^ IjU^J ^ 

Ld . 1 'vjj 4-_j^ 1 jl^ • 4i^jtU1 1 (j-Ciljl jl liiiyiiill 

. U.5^ Ol *- *TJ l£l^Kja ^1 JJ^J 4j I 4 "^'hJ 1 ^ ‘1^ 

tj 4 -) I ^jLdjd ^jVl ^Lj^I lLUj jl jLa lLII^Ij^I JLdJ 

.^aSLlI 15^ jiK La ^^J-_>.VI u-uljJiJl (J^ fjji 1j-j_!L$ ljj-cI JJl^ ^ tj^l L-^l ^j-a 

j L^ 1 ^~dij lt _^1 (^-^l-*-“ y ^ “* * * 3jL_JuVI jjL^oj 

^ =*. ^ ^ 

\-A ^aj^i • yL*^ 4_^ »j * * i^^jiJl ^^SJl ^LjlI I 4jj) 1U a ^^yjLy j k II ^IjU 

Cj\ _ LJiL_i_kJl (J^lL>iJ Locality ^J-Xl t-l I a 4j| JJ^ J l <“< 'trJ 4 <11-^ 





U^ [J * *J ^ U^^J Luil^ (jL) IjL^l IjJk ^ ±^a^ 

iki uilL-ub (jr~^l l-SL^ 0 ~^j jj^ * ^4—1 \—a t^Ct-i 

. I Ju-U I Juk jt-SCjL) '**■ * t-^it JlJJLJ . ff. J '^^1 ^ 


I jlIa j_£ju ^JJLI fJIJ-uJI (jl-^ 

aJJt S4_i^Li-u^I£JI ^illjJI (ZjIj^^J^ t_^_j A j ii~ ^ ^ I d A .U> lLILlA fjjb : 

^L^\ ^ ts-a- .11 ^j\ .hidden variables i-^LiJl j; -ill)! ai ! 

^1 jjLjILuilj .4^^^ 4 cIjI^jii~/ 4 4ji i4 di^j^ l£LjjKjt 

4 ji t 4ij CjL^^d^ dJj^dJja 4_^j_4^ 4 U^ tjj-jun-lll IjlA JlLa 

: John Bell uij^ a-cI j Li^ .^j.4-cVl ^j)."< «.n 1.1 jujc «ii^L$ 

I Lo^ .g.ir. ifjplju V 4 it, 4.,^^,ia..*C,.H 4^C^-tl-^4 1 2LjL>iJI 4^j HLji)) 
Ijl 1 4 c. .»1 ^! i>L^VI j jV i .<^L-u1 j nil (.rl^ 

4^\ 1£1^15>^lU ^_y^ Lq^ 1 Luij jL^ ^ 1 jub jLlH^I ^^^SLq-II 

Ijujl^o i“tlU...j"A jTl ij 4 cjVL^kJI iA^iCj ...VCTI 

Bugene l-j i k i ,« l^Lj i < ■ * •“ ^ u* * *" 

4u. .:u 1^ cjVL>Jt cJlju3j ^1 aj_A:>iJ1 lij1^.jjuJLI : Winner 

a U>. ..ijj 1 M J 1 ^.^* 1 a LiJlJjb J"-^ Aj^IaC^i *l^^it|l 

^ ^ 4j, *_a ^ n ■ -"j aXoL^ L^L>. ((4.a_a^)) ‘ * IJ * ~ ^ 

4.j^J[kl)l ... CjlIa^^LaJJ AjUAll 


J all ij^i 4_^^ til AiiiLa^ 4_^L^J1 ^4^111 l^j »l^j ^ 4_j^J^ L^VJ ** j ^ "*“^1 

a At i A j_|^L>o ^ Jl^j .ffA fi,J A11J AjC J. ..V^tl a ^ J 11 

John Von (j^-^ Oj ^ 1 *"■ 11 JLI A .A ■A.tl 

(jl cjLijIj (_.JL^^ 'a ^1 a ^\\ lzj1j-ul 1.4-1J Laa^^ L3e_jaLjj.j bleumann 



l^b 


1ju& •^^SLJl IS^K^ Sjji^-uaJL u-kJLitj «^n^l ol^jt~U 

aJJb CjJu Jl^j ^ t ^ jj ^j ‘^** 4dUi» a 

.Lii-ui JJt>^ Cjlsc.ul^\ tj^VI (^jIj 4^1^ 4j:^jJU 4jjfdta 

^ L*~<ll Ilia ^1 (J^ C>>^ OdJ- 0.>^^ CjI j ij* I >1 lIa^ 

^ ^j ■ A 1 41A j A 4_:%l^j ^ n ‘ ■■**- L^lj <jr^! J'^.‘.* 

^ <,» 

EPR «^ l_J I 4^jLd^)> * ^ |_^|_UJ i aI t ^ . „\ (^JA-AUI ^ t^. *( iS ^ 

m^uLMj*iJ 4.fcfau.ftLi i 1)4^^I ^ ‘~ * * Li^j tL^Uj (_^| (3^ * F^3.rH(lox 

* t S T “* 

j-ujJu ^1 Ij$^ 4 j I »L^ jfl ^^^.A-AJI •" tl Kj aLijJ ^ji ( n~ll ^ ilJlx^J 4_A1 

JL^Li ^I iJ^ 4J (^jLjA^I (^1 (J^-^ Cr^ L-AiJI A ^1 d L^ 4_^j^.^ 

CajIj ' ^ * CjIjl^^ 5 A - 1 jl + 1 U^" J ti 1 

11 A<—3^-ui 4judLA» 4JL>> 4 ,j! ^jrAAj^uJUjI (jOl-A (_^l (jr^ ^Jj), -*111 

ol^,A.ill JJL.90 ^! t^ljJI 1^ if^p^jAAj ■ 4-Ji.AiAJI iijlj.j.,rj.»ii,! A-i^LAJl ^^.All 
.aASLa-II CjLaL^oVI ^^4 l). 5^ L7^ (—AUI ...l 5_ij 1U>t,I 4 jujAJ1 4.jAAsJ1 

j-jusij£. 4 i^ A U CjL^L^^I cJlUI lL^Lcu-a (jjSlj ^_^.Aj>JI j jt aU 3^-:H-“ 

^Lj I lit (jl tj cj I 4^jLA.4 i,t i^lt I \ ijlc ‘ 'J 1 IjlA All ^1 ^JJ 

(jmJu ^^ ^ jO lj*^ (-Aill cjL^j^ 

4_ 4^ ^ ^ A 1 . .1 (1 1 1 Lfll 1 ^ * I ^ <"» I ^ ■ ^ ' ■■ ■^ * cZjL ml j dJ 1 ^1 ^^\ 

o5JH ’ (3:^ L)|^ i 1 ^^ .>>• « Lm ■ ) (2?^4 j(j->a 

4_^^^ ^juiAj jjujL^ 4 jA I (J^ AJ V A I <1 '^T L.AUI 4_j,^j^ jj^Lj^ 

A 4^ £jl ...( . /^tl ^1 iB ^cj-ui—>«-l 1' ^ A I tcJiiJI 

^J-l! (jJj (jiJL^jJll Jl^I (j-4 4^J^ SjLiiij j_4J ^ AC“ ^^jJlj (j^jl_ AA-a 

4_i_Li3jj3 (j3^ *J 4-* * ^jLjsI 4 I iiiiiL (3^ (j-A IaB .j-A^VI 

g» 

^ V 4JL>- (j’^AJ ^_yA ^ ^ ■=* ‘ ...itu .4 _^Li]| ^ '•*■ «t' locality 

\M 

4AJ <a ..1 a A pj■ -j_^lj_AJ! iSin^lct StBtc ^4jjL^t^ 






(lUj (Jj>^ lJlDI ^ ^ j ^ L ^1 j ‘"■ ‘"j l-« tfl ^ tl 

uIlU t^Lui^ Sj111 B ■ ..^\\ L-kiJI >.Vjt 1 

.^L^yi 4 J Ia 1 u'^ll 

i__kl]i L^^L.uja ^1 jLjIt£.lj Bell 5, i J'>^H 

(<.iUj ^ ^(J’^-*-^ ^4 i^Lr^l L 7 ^ ^ ^ 

— C i b i ^ i ^-j*v ■ »‘i — ol_ftl^oi t .CjLbL:^l 4^j^ 4 4 

Li^j .^3 jl4LaILq cjLbL^VI djL& oj^ ^) 

cjL^I^j <l-^1_4j LiiLlik 1^^'LJlJl cjLaI i^U «l^_ui^Ij . B m t a 111 kJL>■ 

Lt^I ^ p^ ■ ..^tl (_2 l1 .1^ 3... a ^t^i" *4 jkJ^I ell 1 4i 1 

tfji^J j-^j -1 .cjLaLj^VI ajjt (JSJ “ + t^/ujLiyLj 

. — + (^^"<4 jkH jL>.u tj! (JSLJ t!u^ ((a., b, c) oLaL^VI 

(^1 L 4 J (-kUl ( t;n.5 i n. A (JlJ^ kJLgcAJ IVUiLo^ (+,-, + ) j--4jJl 

. 1 j^Laj tb tfL^>«j'^l (jr^ cJ-'^_LT^lj ^ ^ ^ ^ £j<a 1 -^tVI (_ 7 ^ (jr^^ 

cIjL^I 4‘|'>^I LT^! ^ T 1 cljlj J *"1 oil (Jj- 4.^1 ^jJl 4* 'vVl ^jijUl 

5 ^h-^V| oUU"i^Vi >i>iJ, (a, b, c) LkJJ ^UliiJll ^Uhl\ ejUl£L 4 )?l 
i jLlil J j ■ M l (jr-^ ‘P (+,-, + ) j^j2\ u>S1j I.I- 4 JJ *P (a, b, c) 

. 1 j£LAJ i( +,-, + ) L-kiJI I '*'■ ^ I ^^ I ^ A 


B p^ ■ ..-^It I a\ tl .UaI ,.. A Lj_jjj.j^ i2a*-> l)^ ^J^ljb 1^1 (jjJ^ illi^-^ 

3j^L^ JL_>.I^ IjlA .CjI aJu^ 1^1 ij^la 

jLmI i i 4J pJ .A , I J • iTl pj m '^li tB pj I ii 

^[5 ta (jJJ B p u .. -hH e-kJ jjS[j J\ ( +, -) Uj4iMi ] 

Sjj _L^t Al-%,tVl i"tl A\ A . ...ill ' jJxlljJ I b L7^ (Jk_L^1 

e-—Lc. LIa j— q\ ( +, + 1 ( +, - ) t P^ ( +, - ) 

'dj^ ‘(i? j) = (^»b), (b,c), (a,c) kJjMiJl Pjj (■*"’") 





Pgb ( + '-) = P ( + ) + P (+’ ■ ) 

Pbc(''"’‘)~P(+’+’‘)''"P( 

PgC ( + ’') = P(+>+>‘) + P( +>■>") 


:(jt ^Lluj_ul (jSLqj CjVjLiJLI i>Jufc 

Pab (+>-) + Pbc (+’■) = Pac (+’‘) + P(+’'’ + ) + P( ■>+’■) 

P (s., t), c} cZjL^Lu^VI Loj^ 


Pab^+’-) + Pbc(+’-)^Pac(+’-) ™ 

^ r,? iU La.< Bell's in equality 4 Jj 1 .: a ^ a'j^ 

^ 4 Jj 1 1*111 tjl L:c-u 3 l_j > 1 ij ^cIt^ 0 n m '^ll 

.<U Lj^Lwi-a liJlill JLjiivVI 03^ cjVI <i"^l ijji 

O-^ Pqq ") O' 4,<iij„iti,>. L^jj 

.4_^L_uji 

((JfJ 4jy[^ (jX. j <—^yLa>>l Lo 

j_uLj uLUI^ ^ >3^ * J.xLuj L^.j ) (Cjl_Lau.du^^2l1 

.Bell's theorem 4j^ L^f (_^ (7.6) 4 JjL±I1 (_^1 

^jJLl 111 ^1 a i^jja O-^ 1 (J^Jy L*3 ‘ I ijL^j 4j^^^Jcaj Cj-)L^ 

^ Ijl^ 1 .• . a" ."..a 1 i A t-.S ^1.,. ^jjt 

. d I^tl dH Cj1^^_ijk^l |^Lj_i_u 
O^ 0y LT^ ^ ^ ■q “ • * j ^ ^ (Jl—d-TL.'wVI ^1 

.P|j (+,-) = P ( 0|j ) c-xLSj (ji tllSLdj ^ (>oj tj j i dL^Vl 1^4-=^ 

-(7.6) ^jLxIl 0^^^ 

P(0^^,) + P(0,J>P(0,J 


be 


ac" 


(7.7) 






. J‘ia 4j1 1^1 1 V : (—t!3-^1 ^ ^jl..." A j i r.11 Ijuk 

^J.uJ (P (6) >1“ ■>^VI ^IjJ 3jjL2t_4 di ^ Un") I^SUI [£^Kj <1^ ) 1 a 

i_^.4SL!I «— 11 1 ^I ^ Lr^ ^^J.5-^ Lja j- 1 I '«I .\UVi (I 

*(JliiJtl Jj‘■ ■■ Mi!! Jjj-i Lij^ 1 

P (0) = ^ Sin2 ( ) (7.8) 

Jlo^ t(7.7) SJjljtJLl ttJjJ 4Jji 1 "^ jjl ;jVI jjaTr*!! (jl (jlSLw 4iJl 

I j1 — oL^-seJll cIjIjI j~< 'vVl ^jji 4 itiiflLj — 1^" j'w^Li^ 

j-jJl^ 1 t~iljj. bvit V .1(7.8) 4 _i_4^I ^ ^ P (0) <“>* ^ 

jLio^l ^ '»‘'i 11 (.^L^l L_uLwji (jl 

^ ‘ 11 * I L>^3 t(cjlj ^g^ ) t"il . ..^t 4 unllLj L>^ *(J^ 

L^ VjjIjj 4 1 a (.^jLjxbJJI (jj . < rtill CjVL^ 4 1 mM L^l Urt *i 1 <ii kIjVL>> CjiLj^j-^ 
. SjIjl:^ 3jjLdJ1 l4j| cAij! (jVI (jT^bhi L^lSL^ ^ i < 1 4 

CjLi)^-&J.I I ^ ^ j ^ j,,t"i 11 t~>j ^U! , \ 31 

(jV I j ^"ij ^ La l£[^LSkj a L^ a 4l^ ^ <3*6 

JlaJj . Lfcj^lj i(JjJ 4_j^-laj (_7^1 4_^Ll 1I ^j^ jj rr "n 

j j«“ a 4 jjJ^ ^LIj f^jS ^j^ Mitll (j^>-^) CjljMfiia^ (j^! J^^^L 
i4.^Lc 4^jJu 4 j ^ 1 ^/S[t • iSj^ J ‘ “ III 7^1 Lli^L 4-itjl Ml" a 

.(JL>. 4jI La ^JJIj U .~>^Ijj 

I *1^ jI ^ 1^1 tM . .."Ilj j"tl-wl *»• 'A\ i4J_a Llaij^^ jLal jJLjj 

Lil^^ .j^l^U 4 j^j M)jl£L!l all (^1 4 _^Lj f.j _11 aj (jl t^a—SLJI 

4Jj_L) La-c. jLi^t Lj, \ t n i^^-i-u L^L^ i(Jj_ali_i_uJLI _a ojLjLju^ lLiL^LlIoJ 


-^"U JlI^ 5 ^ ajjuu^ 4j^Jlj>> ^j^La_) IjlA^ .4_^j..^1 LjI j_^jl.>JL 

I (Jj.2j I ~ La-ij ^I t <LaLtJ 1 ■ ■/■ *11 ^jz 1 jI a (.iLiLuIG I 

. 1J jj)ji <lJ 1 ^.a ^aSL!I 4 jjJ^ I ^ j4 (3-^^ Cr^^ I , i iC. — 



?ijbi 


2^^ 

Lua^l ‘ ^ ^ (3 ■» l£l^t£L^ 4^j t"H nI Ju^ 

^•**1 11 \ 4£L^^1 4_^L_L.iJ3lj_^l iijLcl— ljl^JI jlc,1^^.^1 ojlLs^ 

^j4 IajI .x."a i&LtJI jLLaVt i^L>Jl A . 4^jVl 

t4julj 4 j:wjJlj 4.stJKlj ^c^LlI l^^iSLja j i~t“i ^L^jj^'^~<Ii Ao^LlJI (j-A^ • LoLqJ ^ • ••^'' 
Scilij ..V ju AjJLi ;Jr^ ..."j ^1 (j-A-S • a .4 a 1 r* ^jl lLILLa (J-u^ 

C^I^^^JkJt 4^ aJI ^fcLA'ii \ ^1 1 J ^ O..^^ ( \j_i_u^ 

(Jo^-dJI I j—A LbLlxoj^ clh^ I ^ ^ ^uT) 

t"*Vl a""wVI ^ Ii^'i < 1 ^1 Ju^ 11 Jub (33^3 *c^3^^ 

^1^1 ^jlj i 4 1 0 a ^ ji C LfCnl^j a ^ j » *i li (jj 

J ^ U" C_aj_uJj . <jC^^ jA t~ 4 (j.4-C.l ~ tit A ^3-mU ^^J-I illHSJi 

4,rtji5,:>w .4la>.^y,t Cj^ Cjl^.j.i,ri.U lLUj LLsI^iu-tuil 1j] dJuJ^ 

4JjI_jlJ^ ^ ^ J J • * M ^1 VI . Ij_j-!L^ lLUj 03^ ^ "■ 


'4 I i ^tl 




iLa hLa^Ij)) t a ^1 1 4 ^ A 1 II jt ^«£L!l A (j1» CjI ^ISk t t(^y^3 

i-^ljij ^ J La^Jj i^l U.^ll 1 jub 4jltj jJolll I— t^\ 

jl^j ^ « V ljub)) - J ’a .((4^l^jJll 4 ^L_jv> -^i 

( 3 ^^ *a \1 ^Vi ^LtJI ijJJj .^LiUl^ u t.iL.<» ^0 ^^ 3 ^ (jJLi_4» ^Lc. 

4 ^ i* CJ3^ J A laL_jJjJ . * 4 i~i, vL'vj-J (_^l 

jLlsl <ut Vj .4;*v44 ^ L ^!3 (eigenvalues 4__plj jf aj _ XA-A 

Jt i"i mil (jV A*! -vl ^j^4j V 5j y 4 (jJLiJb 3-J^ tL^jlj ^c^Lll ISl^K J a 
Jj^-i-u ijja I ^"i \1 •" . u\ U" ... > Ljo j, i 5 1 2>j.jloL>JI 4 I\?r.lI1j 

IS^Kj A CjVjljLja 1^4^ “>•" CjVI 4 I '>-1 ^ tl^lj ^_yji i^'Nij J I dtuiU .(i-taj^ii ^ a 
^jLi^ 3J-^ J hill 1 Jub ^jl 4>jj) t . ^cSUl 





j ^ Iu o) ij-ji^\ 4-a^ fl ">- tj) ^.a t3j-^^_j_uJ1 

Ld ‘ ^ ^ ^ ^ » LJ I ^ J ' " ^ ^ 1 ^ Q I 1 J_uLx^ I 1 ^ I 

^-lal III ij 4 j4^ I 1 4_i£L^I£1^1 4..jj>-^^1 ^IjJI (ji^ d_^. 

J ^ “‘ . I j ^ ^ ^ d_^WtljJ Lu^l 1 <]^ tjL^ ^^-*^3 

jlUl 4 _ij_i^l Copenhagen interpretation 

d ^ 1^1 ^jujL-ia 3l^l 4Jn t II ^ ^^ 

^ ^ ^ ^ Cq 'i»A i lLLIj 03 ^ ij~^ L 7 ~^ dJ-jfc * J j < Ml“i 1 ! 

( 3 ^^ LoJLi£. jdJ.i (Jj4^ .(3^L3> ^j.k 1 jSH CjUIjJi . 

4^j jt^j (_y^ ^ A J ^ A A J 4^'a- <>>lj U^ ( 3 ^ '^J ^ SjujLC. CjIjLj^ edlJ-A 

J ‘ 4 >^^ ( 3 :»L-uJI ^ 3 ^ dlLi Lt^i jj^juJI Lla tj^Lj V 
*4 .j.r l^i cjLIjLSLII jj) 1 i»Vjl 1 «> ■ * Juc Vj ( j’i 1 i j V (3^L_3_>J1 ^ju 

• 1 jub l)^*^ ^LxA ^jiihT^ olj)jl 4.43 ^ '*j|t^i"f_l 1 

SjijjljlJI ^ 1 j_*J 1 j ^ • ■• ■^‘* 4 < nj Lfl (^J jLj^L j-_j_iiij (jl 1 ) i's 1 

cjj^l ^)) (^jJl ^cSJl many-worlds interpretation 

f 1 3" tVi 4_LjajLjfl 4.^1 ^ ^ov (J5-5 Hugh Everett III ((OaJIjJI 

(j^ f^jja jl j*! 5jji^^-_uaJi t“if J l_4^ . jLj^I (Jj 1 I >1 4_iJL) 

jJS 0-^3 idJUjLC. ^lj_C (_yJj Ij-Jt-jJ jctl—*J1 (jp3 t4ijjLJ ^LjJ 

\j 4 " ) H a 1 JlA Jiajj }^..\Tr"niill ^IjJtJl ^_ya ^^Inj 4 JSL 4 .ll <=* 3“.. U 1 

M^I-a ^IjJl^^ ljjl£[j LiJLljb ^ 0-^3 ‘cJo^ L>^j^ ^jJaJLi 
^ t . I . M cLa^^jL>a I ' * ^ • ‘ * 4Xu^J^ 3 ^^ ^ d" ^ 3 ! 1 ^ ic_(J^ C7~^l ' ‘ 

( 3 ] 1 ^ JJ-t-JuJ 1 4 .JjJ3^^ (J I Ca-i L^ Lft l"i aj . ^cSLl 1 [^.l 1 J I t...^~.t 1 I Jub 
j-]Jl^ t 'j s * 4jl VI t4 —jUi (Jj^-* 3 ^ 4.iJi "Kj j^^)£L4.j V J. ^ ... A ~ti ljub ^1—a 

s 

^LSLIl ^Lsc_ii clones IV i uj LLo Ol *4_ji.uiJj| di * *" d^LJJL) 

. IjljI L^ljLdj V 1 jj£L!^ 





Ljjj L^o 1 j . ^^£1! I l£Lu -a ^ j < ti n"t (jX. I i‘t 4j 4 ^ Cj cij LLA 

Ja-sa-oJl Ijub 5 j-^j-Ll Cjlnjii“i!| (jL^ 11 (j^a-aJ tjX 

^.ui-dLJLt J j 4 4 II 4 j I u CjLxL^VI <jiJlj 4 • .^1 -^t 

^^L'> 1 ^ fri olf t4 d i U I ia (jLuijI (J^j . .!lj 

. Ltx ^jt djjjt-oj ^cSLll a AjL^oJI 






6 




^ J * (jVl J, rtl 

<bj^ i i ill ol I ri-v oLXijlnj 

I-5" ^f ‘’j jUd^l lIUj {jr^J .^^-j-it-jtU 4JbL3 
icLft-j-ilaJl t"tl ^ ^ ...-^tl ^1^1 ^ ^1*4. ^ 

(L^I^Lj t ^ i^"i cL^LusVIj 

5 W _>. .cIj^L^J A ^l .\ 4 1 03^^ 

L 4 |j ij itjj ^ t ^l_£ 4J^L!L^i^ d J . .. I • tl 

c<L^j i-ilij *'j^j'..V^ > 

J-L>^J ‘ (J^ *(J7-*^ * LT^ * 

JUJU4J --J L^I I) f. J ^a 

l£^ ' ■ ■■ > ^J4 *" jl^ol ,_Jj_3UcuJ 4_jl La Jjw I .jUaVI 
^ * ■ " t i ^ti I—“ A 

<L%_>>Lj j-UJU 4j^.J_i_u_1J I lLII^J 5 1 \i • 4 A 

pj ■ CjI j 5^j)l^la ^L>. ^ ^ ^ l^lIjLi 4^jJu 


\J^ i_JI>l_i.VI ji i^V.l 

. _L4^M j ' 



iS jl^^l 1^1 6j^l QA 


(dJJj N ^ «4 .uoL^I L^LjjJj^r 4 ^1 CjIjLuj] j n ‘^ 

pj ■ - I**'! t " . ..I n 1 1 •" ■ ..1^ 4_ijll Li.^_>JL jljO JL>.^ V 

. i ^ I ^ j 1-. u-i 4-3^LjLj4_t 4-A Ji-A^ 

JUU lj£Lx-0 4 ( nn'l CjljJJLi^l (J<l“l'><ll (J^Ji 

fields oVL^e^ L 7 ^ 1 *jii-» A Ijl^ tuSjujLAJl» 

t ^s*i /4_^ J , ..MC tl 4.J^LiJl ^ dl^d.1 5 AJ tx « A [ ^ " A 1 S A 

La I ‘jj Ml . 4 j^jaLuJ cZjLjOj)lSi»^ Sljl <mU cIjI gj mi'^11 

(_^ 1 j(II Tl (JL^l <l^Iji^ ju^ j Lli^jtLo 

C|u3.ntizcd ^^^-oSJLI ^ J Lsl 11 ^L^LLt (ji llUj . ^jj^LiLtII ^ cjLxij^—cu-^ 

(2^.* Ml ij I L^ i I i" ^dTi^l 4 <t \^\ r, QUUntO. lIjL^^I i./il~ \ 

JL-lJjuSj 4 -^jJL^ CjU^j-aJI ^ ^ ^ * 0 ^Lc 5 j_a JjV Ji— > JIj 
* L^lli aL2ij udJju L^J^j tci)! gi:iI ii>,*? 4^1 kiII 

3jJl^ JlJU CjVLae-A f^A ^ (jl t ^ ^ * l'iI^ L-^1 .^."i^l ^1 

Litl ■ ■■■^11 L!LiLij^"Ctyi ^Lj ^ ^ t tl 

.d^^^LLa cjVL^JL cZjL^o^ L^^LlILcI LoJ^I ~ L^iL-dLlj 

j-j-C iCjLj^j-ail IjlX. I n 1 4 icZjLo-j-i-u-^I aJ^ (J£LI jl i * C.V1 , V j 4 

J» 

JL)Jl^ i^jA 4 J 4^ LljVl.^e.4^ “i'vl . 4^SL^^L^ a^jjL^ ^1 IjJ 

— <^VL^JLl ■ 5 ijtU. 11 4 J ^ ^ , >. ^ti CjLgSkJl IjJjL^iiJ 

jL>if I 4_jjJ\ 1 jjlXiiS gl J ■ ■■' ' -■ I 4 J .-■l-.ix^ ^-,tl - 

^LaU 4j I itL-uVl cIjI j III La : (jVI j-i^JI ^Ji \ i" I III ljub c. ^^1 

a n 4 J IitL-fc^Vl lZjVLj^I \-a 4«i11j ^^ ^ 'J * 4XaLjL!1 ^j.^1 Lo^ 

J^ d *.* ^ CjVL^I j3Lij t 
.cilij JUU ^ <Zj1^Lj 



»ljiiJI 1^133 


jjl <j4jiu^tl ^LLlJI lIiLLl! iljjLstijj 

IjiSLb jt (j1 La <1 I li'v 4^j^^jtll cL^x^LuVI ^ 

.4^1j * 

^1 ^ ^ ‘ ^ Iju .^*11 ^j.^1 ol-j-i^Mj lP^jI ^i_iJLijk Lojj 

j CxjL^ 4_cL.uijI ^LjlU 4-j_l^Li_uV1 ^Lj_JI oLl^ ^ J a JW 

*“■ ^ j^i iiLlJl I^I ‘^l^l-ulj^I * ^ • J^LLlII 

4^j^^ja-i Lojl1£. j.j_^ 1 5jjJ C-uo^-^tj^ 

JL4 tjl£^ t ^ \X\ ^Lc i Ljj_;_Sj I Vrtf JLaj dj jJl t ij^jJlJ 

3, ij ii g 4JL>. 4-Lg t n'y ^ Lp-^ Lp-^ C^jJI (j^ ii "11 *jI 

(j^jui (jyLc cjIjlj 5jl^ ot2|^»" itf\^ ‘ujl^-^I oy^3j-^ 

3jJ!u^ wLdu ^L^l Cjj a miIj ^ ^ * 0 ^Lc, (j0.u!tJjf 

4j^£Lg OjLa .cr^*^^■Jii.^tltr>Lia gjj^ (JL:^ 

cliLj^j(^ 3-j^^g 4_j^Ij i3jj_)?j cIjLj^^ _J^Llj ^j_g 4-jj^Lg tOljj 

^^1 <G-^jj ^L*JI J[^~ ^\ J_gj .cliLj^^^ fjji (jj.SLa lLILlAj tC jUJ 

4_^|jj^VI t«■ “ **>- "Cil 

4_L^ ^I t Ljj^^2j 4^ i jJl O^jJl > JLaV! \jJt 


' ^ ^ i i Jl> j i-^g ^ > — 4 4ijA^!I ~ 


4_jL^jJLg j C ^ -»- Vjl LjJ^ jl—uaJLi ^^l^u->*II I Jlj^ * * 

jf 

^jLlL I Lg^ .(jjt^“^^L! 4jj_j__(.uJjI ^ j :<Y^tl i^l^j 4j^LjtX 

L^IjuJl-us (jj|^_^_jJJ 03 ^ L)' Jo" '*^11 ^j-g IjLi ^"1 '>- 

UJLP^J)J ili^ jLuaJli i, n . i 3 4 .^jL^ J3j . I unji Lg.^ 

^LA^Ij.3-dl^ cJuiuH^t Lg^ 'fut T1 CjljMiug V y i^lII 

3jJi_gj <—fll—(Jj-^ ^-i-ssVLjj Ju-aJI (j^__gJl CjI j 1 j't^-lj Jjljl 


Lg^ .<ut !1 CjljMiug ^ ^1 i^-Jli 







^L^Jl L^ I a jL^V LaJoj 

tdJL^j 3ljj ^1 ^\l\ dIjjJI J'"*-"" LdJj .(^Jl^-Ul -*- ^ .Ut 

.<Lj>.LiLl 4_^LLnJI jjjs (^ J * Tt-a^ ^ t ii^ V| (J-2lIj V Ljjjj-jSLJI 5jjL^ 
. J (Jjl 9~i a pj ‘ “ '^^ 4..^^l ^ S \j ^ i 11 «L^L^Jt ^Lj f^jua^ Cr^jW 

(jt i t ^J ^j-<jt '^1 Iju^ Ijl Ll^ 4j^ rA 0 M^tl CjUL^I ("tTr 

(JjJljljj^ Lr^ 4 JjSJI ^j£[j ^ (Ijljk 4 1^** j>> 4Jl^ Ij 

«L_i_i_uJJLi ^1 L^JIjL^ 4.-i-4^1 (JLj^I 4j^J^i] 4_ALaJI 

J "‘ ‘J (j^ ^ ^TV i^Lc . ..i tl 4^m^lr>ii» 

** j n aVI ^Ij I JUb (jl-^J * 1 ~ J' L^l TT a 

^ dJuJL:^ 4 CjVL^ jl 3 JljJl:^ ulil j<ii-v lIUj 

CjLa^J-j^j Tl ^Lj I II j~st^ Aj^hlTi lZj t iTi . li 51 .Liil jjT ^ ^ HI 

L^Luu^I jJdLUj JuV (JjJul (3-^^ *^1 SjLLI ^ jjCjV 

jJU-ta-fl tjj^l CjI j ij iii<i ^ i rt I^*i)a dj_-o A-a.^ 

jj (^ji^iJi SsvHnnsh River ^ ■ '* J^^ ^ jilt 

«4^LLj| 3jju2JI 

CjIj^jj^i^ 3I3JJ! <^Lj3^La L >^“A A* l^3 —4 • j il^ (jit_)L^ 

j^jlu '"■ CjI^^ l^"iH 3 CjLal Latja 

^ 3 -^ ;j! l.iLJj * I Q3_^1 (J4t3( JjI^^IlLI i»l ^"iflvVl 

53 jj^»~ 1 g jj 1 j^LIILj ^ ^ ^ 

4^3jJI (^ 3 _SJ 1 jjl 1 Tf (jL^ ludJi V ^ 4 .cjLj 3 J 33 _Ji l/V j-sLu 

LaIj^-jA O^ 53 -S (j^ 4 I 03 '^\a 4_:wjJlj (^ 3 -^f OJ^ o' 4-*-^ 

^ya 4 U .“j. a 4^3jj| CJLJ 3 SLII 4 V 3 ? : ^ lju^4 

Lft^ 4i^l3-!l^ 4^3JJi cijLj 3 £L 11 <jlij tL^lj 3 tSjjJI dj 1 * 13311 ^!VI l^L^jI 
(_^Ij 3 —j-ill ^ i 1^3 "i HI lo (.7^ tJj *< 3 j 






(J-jIju a sl^iis Hidcki Yuk3.w3. ((ljl£^ jJlj_^» ^LUI 

j » «* C7~dJ 4_3 jL^J t4_^J-lil ^ ^_4 (^J-- ^ * 

O'i/I I 4 cJU M t pion : (jJJjJl:^ ^ 4 J m ^ 

^LtL^ jl in 4 ^jIti'w 1 4 Ai I >»I ti. jj'ijJjJl 7t j 7C 



3^_^l (^Juoj 4i^£[JI iy\j i^jl^ 4j^^lixiJI j ^ ‘ U^"* ^ 

SjAll 4jl (jJl 4jj£^-ijL!l SJjLm Cjjt JL^J 

: JL^^I j^Lij 


.-r/R 


V (r) = - g^ 


.range «^jl- 4» j-i^i jLj R j coupling <(*^1^pJil)) g 

1 JL. 4 J . r » R fjyJi Ijl^ (ji 4 j <iiVl ^1 JlIJ 

^ tl i.Ixla_iJjl 14j^JajJ ^ ^ ‘ . R i^JLjft J j 4jj ^ ^ ^ (Ji-^ ' * U 

:^^IjlJLj (^JlLI ^_4 cljljjj i\! 


R = 


m c 

71 


CjLjajJjU4 ^^1.1-^" . ..i ^ t ^ JL^^ . ^j-uaJI 4^j_u j1 JL4-4 C 

->. i m ~ 200 m :cjLjj j i tl 4 JjSL! (_yjj^_Aj j_jj_4j IJ l>^ ^i3>* 

TC 0 «» 

(J*-^ ^ 4^^£L)I 4jl^S/I l^jLm J~-6^ CjI^Ju-u 

OAJ (ji-i 4Ja_u^^ilx Cjl j 5*ij r., a 3jL}Jl^ ."tl . ..'w 

J nir. udJj "u"j t—d^^JuJI La 

tclDj-^ ■ “ ^ ^ J ^ BjLjjL^di ^**>1 ^ ^-%.t\ 4 , i t-tlj /» 


4_jl^^ L^ t*.3 4l^ tj^aVl ^Ijlj Ci-j-IL^l ^Jlx. . a I "X11 j 

^V1 ^ ^1 .4.^L^ 4^jJlj Lj-jj^^ 






kljj3G JlU :^jIL4 ^Jb La ^ ^ B^La (J^L^ 

CjLjj3:i-A :^j^2ja ^j-x^ ^ ^^V ^LAja-lId 4_:wjJLi 4.^ Jfl ^ 

IjLAj i (—dJLjiaij 1^ » c. J^Ial (_y^l 3^'*' ~“ ^ d 

l1jLc.L-^ jVI jl 1£. 4__^_^SLJ1 4 t MiVl j^-^jJLl j-A 

IJl^J i ^ ‘ j *0-^ 4jk^Vl jLi^jl O^ <*~M'v. 4.tJa_aJ>eJJL I 

IjLJk .^^L_ul.X^I ^ i^jlII jl^jJI p^ j-A Ijl^ 

^L4jjVI 4^Lx. 4^^^SL!I 4-a_uVl jg i lJU J^ "til c-oitjJLI ^1 

. 4jj)'» Ml I i t"'l ^ ,.-^tl t~tljl ...A Jj y ‘ '“^ 4.^lj-^jj^ ... a t ^ ..It 

: L»a jl ■*<?•> VI Jl^ ^«IlII UJ^ ^ cilLijb 

- ^ + 

(muons oUj.^ \ ^ j g i m'i L^^ < Ji -Lt ol ^ j 

La (jL^j^ c^LmlJI ^^^ IjLiixa l.<u^..>i.'v )^ I \^~~ 

*3^,.i.Xllj SjujL^I Cjl,4^i i.d'OI cj^Lx-t^ fjy^ 

(Jl'T"nj M" Lr^l ^ > M -v J1 ^ "j ^oJju Lo-^j Juij 

• ^ .^u \ ^ .L> Lbj^jL) 

^jj j .(JI ^ ^ ^ 11^ *0 »OJL^ ~<^^L! C j ^ j^> - ij j ^-jJI (_^| ("^ c 

.m c^ = 140 MeV ^ aj^L^JI 4-'~,< .5^15 2.6 x 10'^ tijL^ 

iv « * 

(4 J t '^j-ll 3J I (» (j-Ll njjL^ (jj-SLuJl 4ll^ 4-ilL^ ^jt 4 l^ ^^L,4 (j-SL^j 

SLJLiJI UiLi^Lu ;938 MeV ^ tjjjj^>_4Jj .m c^ = 0.511 MeV 

1*1-V^ " ((il ii ((^jj)^LiiTl 4iji^ ^Uo)) i4-‘'U ^ t U 11 

Lul L-iJajt .4^1^ cIjtjL^^ 3^ j—j-JKJ (_dj.^ Ijl^j .»di" ^» A 

jN (_^L^ Lo^ j-4-*JI Jn uM^^Lja ^^1 ^ca..ui_>Jl JlI^, j ■"■ * 

4_sjl^ ^^Lc.1 3jj^jJLI jLo^VI^ ^ JlIij pj '" ‘ “ 





. Ij. 4 -Sjlj Lr^J nia-S-fl \j^jljlja 

(( cj)) tdjjJI 3lj_iJ oLj^^SLo-^ ' L* ^ ^ ~ ^ cjIj^2j^j_iJJ1^ 

t <i“i^ 11 ^\ 4“ aVI jul^ t II ^jj-SJI Ly^-3 • nucleons 

*Cj^3j-f ~ J' cJV ^-^LjiJI ^^J_SJLJ 

^Jl_Sj^ j) w 1 1 in "i ^1 ujl _ ix.1 lIUjij . 

j j <"T1 (_yJj 4 j^ U i4 “> tjl cJdi^ ^_3 • OJL)^^ 

j j^^ (j^*‘j tTti j ^ ^ (_jjLjiJj-x j_jjl_S_^ 

CjUj-j-JI 4ili^ 4 tl . \ ^0 * cJlJu_j^ 1 t~tl 

j_>. ■ t/> ■ t i La^ 4^ ujU^ jJbj • LftibjJLo (jL^ Mill 

.i^li 10‘‘^ 


4^Lk (JI3j ^ c-ijL$ ^1 1 urcfiI (_yJj SjjjJI . iLJS 

4_x.jJblj^l 4^j) ,.4..:^U ;j^ji,.»-'j..i*.rt„> ii^j.^>JI JUu La ^IjJluu 

(jjl^ I i^~ ^ d T **' * ' ' ^ 4^LLJ1 ^oLi-iiJl^ J— 

t ^LjaJLl j) J <nJ tl^ljujuboj \ 1J 

^LlJi ^ jl 1^ a I CjLj^^^I^ 4-jj)'» imU 

jjjjj (^y-^ (4._iJ.a_IJI^ VI fLj- '^It d , ■.uitl ' 

jJ ^ I * " ^ I ^^^£L4J .djDjLC CjHx ^J ■^'* d aV'i'^A Cy^ ^ .‘^ 

olj Ij 'K 4 Ij_Lu^ ^ jU^'i ■ ■■ -wI L^t ^ 

LqLoj 4_^l_^ 4_uLjj._i_AJl oL-ljaSLII ^Jl^ . ^ ... jt-il 1m a 'ZjG ^ ■'“ 

4j^ cIjI^^^IjLJI ^JlA ^«-AI 'Zj 4^jLtl 4J‘^ Mill j, i~ 

j-i^L1aJI i^yi JLjJLtJI lIJLLA « ^^Lo-A-i^ j j j j *i"ll ^jj 

K hLit"! Z A^jJI 4_L3e_*iJl (j-ii-AJ L^jLiiu 4 jjj 1 jja _^Llaj L^ 

i^jji ^j.SLa (^j-iil (ji I—=c_udij ^-j—Loi (jj^j j ill i^fll Ml ~< ^Lj * 4 l*t^ 11 ^ 

41"^!I JJ_C, (jr^ 4^jJl 4_L^t__i!lJl ^jlJ * 









_j ^ 1 .^t«“ A <U^^^Jji 


^1 ^ ^ ^ j't j ^ ^ Ldji_^ <1)^ . (CjIjj^j) ji!l CjU ^ 

(j-« CjI t j 4 ^] 4_flj(j_jiJLl 4 j^V1 ,^_ya 4ljL^i 4l I ti 1 Mill lLUj JljJL>.| 

_>JI ^l_c. (jj-^ lLUjljj .CjLjj^j-.jJJIj I .Us 

.CjLj^^j CjU^j^j cliU^^p^i ^\ Jjj^l JiS ((<U-o^JI)) 

jL 1^II “<^IVI SLli 4jLS I ^^ t ^ Lfati-.'^VI IjL^ 

4.d4^LdJI c.t.i-u3^ ^LuaJll -^Ll^I j> ^Ij (ojtj-^.^^0 

^^[^e-a f^jj^ 4^IjlJI 03-^ i<“i fl" I il I i . L^jjj.^ L^LuiS£'I ^1 

i~n?yj "i - U3J ^ Y ^ J '*' ^ 4j<> 1 I u I cL-j-IjIj^ 4J.al x Ji jL-:u] clJl^J 

1_A Lc^^^Ji^l olji ‘ * * 1^I I *~i f I IjLiILlmI t L^l JUi-V ilaj CjLa^Ju^^j 1 11 

OJlS^ L^I J-Xip (,^1 ^UaJt (jAij CjULjSJI \^] ^^JlC fOl^^LlaJL 

« 

1£^L1jjj^^.^SL]1 j ‘ ‘i> c>"lj lIj^ (Jill juoJ , LIjj (Ji>ij djL^Lftji. 

t^Vl pU I I 4^J *4_J-4^L1I (Jl->iJLI S^Ult 4j^_A^JlII 4_L.iui_ljLj 4_jjLlt^^l 

i St 1 ^“1.11.1 .>*j I"' 1 j j^^ o~^ ^ ^ ^tt ijJLjjb 

...S"! jL^j 4j^-t^ ^Ij-i-u Lu^l^ LT^ Cjlj^.^1 ("il'vjl 

.4^jJI i^jJjl l£L1j ■ I" * t *1^ j tCj j«11 ^LaLjtJI 

I ^ ^ ‘“’I ■ ..'^tl 4 'K ^j\J iSjU^jJI CjI <U i it'^ll CxjI^ 

^«Jju L4 £j .<LiL:x ((SjuL^» j1 ^ ^ a aU'^y ^ CjJlj (_^I 4 1_ZL4jL£ 

<jLj ^ i Ti *4 I 411 4 (JJ[_^!jSL 1^| IJ J 4 1 I Mj 4(jj-^l i(jVl 

4j 44lll jLUj A£.J ^ S"4 4 41 lO 4jl^ 4 200 (J-5 jI 

^ I LjLi^Ij 1 \-jJt ^1V Vi I u > . 4 _jjIjj^SLljo 2 ^ 

^>■1 ■> ~i III' L^ ULc liUjl^ .jj. j IJ,"*" jJ-g-iii-J Q ^i*4> ttQj) j 

4 MiSl ^ it ijSutj i((J,li_p^^^)) KC^jjj I) » ol^ll^ii^4 

• ^Lu^l ^ J 4 I|J>|J 1^ i UJ>lJI 



pIjuJI 


4SLlLuUja f-*.:A 

4.^1^ t~tl . ..y s jl^ ^ 1 1 (iL (^jLdJ .4 ^jSLII 4-t-i!^Vl t-^jL:^ 

20 

10 1 _^L^Uc 3 jJ /^Tl 

olj^Jf^—Jlj Cjl-Ajjj^j) j ill (j-ia_i-^ i^jji 4_ 4 I a 4 j o ^ jL-:^j-jj IjJilVl 

I hJL.^^ t [ I La^i ^ tjJU ^j JjJl:>. (_ 7 ^) cL^LUI 4t 

4jJ_i^| j-a Vj ^-0 I^jj^^Ljj V lIjLa^J^^^^I (jl^ 

. <■ -<-LiVl (_y4 

jLftjl d^LLaJI Cji j 4_^^SLll 5• .i.Vl CjI ft J i «,"W ^_^Lj 

at>...ij t l_LiLc -^^1 c^^'LJiJl 4_^^£L!1 a • .^.Vt IJl_ljj .^^^1 

*« «» 

1 4^3-)! <ll^L.i-iJl CjIj ^ «*‘m '»» t^jL^I 

CjLjjjj^-jj LliUji^jj-jj SjjLlo * 3-^1 5ji^-jw3JLI Laj..j _^3 (jj-: » -t.u ir V [3 
aJLA l‘‘a • y t 1 ^ <*it 't ^ ‘" *^3 iZjlj 3 -^ a^-^ * 4 j3j'^I 

(jf 4jLi!u f^jja ^l 3 J 3 fcljLj^^j CIJU 3 jK^jJ 4^|jLtj^l cuLajl t^*Tl 

(Jlst-iiJ ^^3 . ..H 4j3jL!iJj ^3t3-iJI ^1 ^O^^JLj i4j3_)Lj lIjLqjLj^" Jl} 3 J 

^ 3 - 2 c..uJLt CjLj 3 ^^l (JiscJu fJUiXl ‘ ■ ■ clil <1 j t M'w ^^1 LjI^^I 

cLit.ii 'vj 4 i ^ I ^«j u~ ^1 ^J 3 ^ c 1 jLa 3 J£^ 3—^3 cljljj j a ULj 'v.t 

.^L^Ij oLsjLl^ 

<1 j3Jl^>J Laa ^>1^3^ ■ •" V LjQ3-a-C- 1-4^^ at \\ •"Q LljLj^j_i jl L^l 

CjIoL^^ j^y3 1^3513 Jj—'»-aa Cjlj 3 J 3 ^ ^1 di_c.j_t_aj J1%3j 3 ^jLuaJ 

^JjJtJ 3 \ 1 ^ 3 ^^! i_d^lJiJI 4 J 3 JI 013333^11 ^jLua ^3 .^jLl^jJI 

jJj "1 "iI 3 '^H CjIj33 “iK, 1| t ^l ii 3 j 1_^ CjU33.3j^ 3_^I (3:%daj (jl 
CjLqjLa^ f4j3jlj CjLojLl^ 14 ^ 3 ! CjLojLx^ :4l I 111 I >itl 3 j I lo Ij£La 3 * 013333 ^ 



^jlsUl^jSjiJIoA 


j i "t * t i4,^L4 ^] Ojjuu^j Tc-4 lini cIjI jl C 

ol <1 j m'^Tl L>^ J ^' '"* ^ 4-^1 a cL}1jl:>>V \~>‘J *» « 

) Juj-ll L-dj-UjJ i LHajL^ 4 < 1 1"-^ 1.1 

(j-4 JljJljlIIj JuJlJlJI (JI_^ .jjIj jse-i 4_^j£LII 4 j Mi^l jj^ C 

iua JL^jlII tiJUj JlLo 4^1 J^j i4^Ljl!1 CjL^U^I 

»cjLoij <.h.'>JI Lil-ubfl (l)^ c.7^ (jLcijjVI ^LLg* t^tl . ..^i! 

^ .4^^SL11 4 t Ai^\ (^ljL:>>l I u A CjL^I ,i jj 

cloud chamber ^ UiV 

4~il^ (JjU“^ L4 -AJl>.1 :^ 2 ^jujl:^ ^<i j< n'^ -^ 9-^3 (^ 3 ^^ 

^ j i7l ^ TC"^ j;;U^^_ij 1 ^ 500 MeV 

«d^l 0 <Q (1)3^ Crl] Jl^ *J 3 4iuSL!l 4J 

Cj i ^1 O^^^JlILuIj j-^-c. l.^Li^i-^ 1 ^L>^ j^L-^"tl tju^ 

33 d^ (i.LLJj juLj SjLifuj (jL ^Lu 11 uj^ . LLi 1 f*Clj 

l1j1j3j_uJ| A i_LlJj (jl ^3 *3jujL^iJ1 '^J'" Cj^ ^^^^ 3^)3 3ujJLl 

3 I 4-^ljr Mill i-_3j_iJI j»JL3ej_i_uj 4_^^£LJI 4jLjiV( ujjL:^ tjr^ Cy^ 3 ^^ 4ljl2Tl 

Cj^LsB-JLjO |:^ 1 . i Vi I til cil!^ ^^3 ^ 3 ^^ SjT^ ^ 3 -^ 3 ^ 3 -^ ^ lZjI ll'a-~l t till 

.3jijI^^3j 4 d:L4 fcuTi 11 SjjJJudt 4 ^LsJI ^l^JI 

1 A 3 Lj^_^ CjI < n-^tl ^j_a ^ 

^l 3 J 1 \1 5“ ^ Vt L-JjK^ .^^Ldilll dJbeJlit aj.2~ ^ A j-J^ CjLc-J-j-u^ 

0J^_SJ —^^^3 l333 i_Lxd—3 (_yjb oj —d—j MiJ,l tjLj ^_yJl pJl • 11 

CjI cP3 * ^-^^^3-3^3 oLk3jjj^3^l3 tu3^3-^^3 ^I g aI. ij.i 

^CjLld^ C 1 )Lc ,3 a ^1 (CjLojLLdkJ p U^T* ^ Ld 






^ d U\ j. 1.^ ^^'L>- f^jji ^\ Lai - '^~ j.. 11 

10 ^1 (Ji^j l-Loj 03^ ljI 

jJau-LMji j-^-C. I ■ '■**- j- ■"■ • I (JjjLlJLl ^ . ^I^VI ^jJnjK-iJ ^ ‘ ■ '■ *11 ' 

Lvj d4 1 a, V ir jJlicJtJl 4^ (j7^ iJiLiiJl tJ‘f.t->. 4 jL^ 

. 5*11II g 31jj 

U, jlijl>> ^Lc. f^j£. 3juJl>J 1 CjLdLwu^VI ^^^l£L]l IjlA ' ^ jl^ 

tCjjjj^ II — 3 ^jLjl)I 3l j >ill L^_3 j-ju (jyjJI oL^jJLLfl 

1 A ^ ^i^jl jL^j L^ £Ld.j^Inj ‘^*1 jlJii — 

- (Jljd Vj — (jL^J -(lI^JL}^^ 4ju^_tu^ «LLaJ^) 1 ^ oUt g 4 3 j Cj\ g j my 

^j-gj L^1 jjG_ 5 1 ^ 1^1^^ l_y^ ill ^_yj^ ^-La "f a j-uSUI j^JLJtUl 

( Ll^I jLAl jj S..‘»*l. 4.a^L>JI 4j^LuuVi tjLil^-dJI ^j£. i-d4 ji5[I! ^ 

*• d.^ijs l ^"iA t^ 1-S.^ 5 jlc ^_yil 4-ijLl^l ^CjLLiUI^ i^j-11 ^^11 d p i-i.. 3*1 I 

i(jji^^-jSJVl ‘ fti.^.''Xlj j^jjJl j-oj j-^ 4jaJJ laII jja^-juli ^jja 

Olj^^SLo-] 1^ *" ^ d i!a_-^Tl jLdJ ^ O-t-’uJ I ‘"*1J *'J * 'j ^ ^1 <' 

^jl jjji ^a^jJljj U1-4 jLb CjI 4 u ny (_jJj iL^ljjj SjjJI 

^Jil^l CxjvjJl^l L^l Vj 1 VI ( d Ml“i^~ ^ i"il ^ J.., aJJb 

^jLiixj-fl iLuLitJI 4 Tcll ^jjd.(^ L»f. jl cr^! 

‘"*I41 ,M-XI jjLOULi Cjj-ujj L^I (4 rtfaoj jji til (^jJI SjuJ^JI cIjI gj j<i^l 

^jJjtJ cZjIJLj d ^ a ^jLod^ (dJUJLK .“il ^ ■.. ■ U A 

i3^^-1 1 11 ji (_r^J . CjLjI i .^llj ^-jI^JJI 1 ^ (<1 fi 1 i^j£L 

JL-se-g 4 i^L^j t3jjJL%-g 4 n t g oL^LLaj c^l y ^ j “< gj 3j3j_g 4 j^Jcu 
^j-^t Cj\ ^ Crl^ i“i3 n *>o Lg^ t^gSDI 1 Kt aLijJji^-^ 

I ^ j i"jd iLlJ 4jiJlj 4 L S -v. cIjIju .i u 111 3j~^l CiLj-UJLi_u .3 JjJlC. 

djlj d_j ^CJl 3l-><>ll 4 j^^J^ Lkg ^ - ■■ *" I ^aTi 11 j ^ J aJI 3^1^^^ 



iijl5UI^!6j^lO» 


.the standard model qjJl» .yj L>a jl *^>^1 

jl£^Vl (j^aAJ 1 ^ Alj L^ljl : V a oL4j^ I ju^ ^IjJI 

Qja ^ ^ t ' j ^ 3 JlJJX. ol^jl <*j'j ~It d j«j :rt4.~tl 

gauge ^3jjLjLllj (j^Lj_^I cjLj^^J^ ^4 4—jJuI ^>1 1 4.^L>Jll cjL_j^JaIJ1 

t ("ill t~iij <j~... (Jjljl (jL^ cdJjL^ .theories 

^-^"11 L_tj L^l 4.L(a^l chjIjL^^ ^ ....nit 4 .j^L^ Ljk^lj 

j^ljl C.L.jj^\ ujjL>ij 4-C.j.j^^SK-a ^ t->... 1 j I A ^ ...1 '^tl ^|j_Jl lLILLa (jl-^ 

Llj a 1 Ijjw 4 ^Lc 4^113 ujl j C/'iln 

^1 OA 4jjd^_iJl 3jj L^\ Cx^c—1—1^1 .CjLj 

- 11 4 t i^j^J 1 Cj 1 1^ CjUbI ^j_A 4 Liiu] i u 1 3jL(fj^,j.i_ujQ 1 iSi-i iiLcj^ 

JUlJ 4jt VI (4 jL>.Lm ioli 0^^ jJoumlA ^^Jl.J_*JI ^jlj-^l 

l^Lj^iii t4juij 4i.ij5.,Ti>. ^Vi j..dj 4 ^l^ 




CjI 4 j < u i^jjA I \rt 34 (j-<^ 1 ^ i n 3 1 lJll ^j£[j A •j .U.tl ^1 

£j 1^ J ^ ;jl 4 ' - .“^1 ^ J w ffJJt I i I'ilVl 

7r, ... A t~ii . ..^ (^i^ ; i-il 4 j ■ ■■ ^11 ^L4 _ju3J 

(JL>— A J 4_l_fl f^\ Jj—>.J ((_^Llij Ji>u Ir Vl \ ^ if 

j j ^j (J^VI parents 4_^1 jl^VI ‘***14 j ^^'t a , ...ui ij .3 jl^^I cjI 


clj^L-£.La-jJl f^A JLjJulII cLijJl^ i^^Ai AjI^ ^' 

(jjj ^Lu-i^Imj 14^ il4 jt i 11"^ LaJ ir (ii) . 4 i.ajsljll,l 4.jli^t^l 

(jVj )“m Jl^ Lft ^ tl V| .A-^Lual Cj\ 4J ‘ ■I'K ^1 i 4 ^ 1 ^ > J I 14 ^ * A ^ 1*11 ^ I 

CjQl^Ji Jl1£.j i-a 4j ...'^ti aA CjL^ ' a 4 "^ I iLudjI 

. 4 I h*41jIJL 1 clj^^LalJl aJ^ (J^ I Ii (."iJlaj Laj)4^ A^IjlII 






IJL^ <^"11 (^^y£ajj_JL]I ^lu ill! IJl^ IJl^ 

Ijl:^ aj.iJLu^ 4^1-^l OjI^ II^[ .^yuc^^j^ Jd^. j La j y ^ ' i JjLSe.a 

tp P -^ p P *• LT^ clcistic ((Uj-CH 1 "~l I H ~1 I^LlII j£.Lfllll 

CjL^L^ j_l£.j .,J£,1 Jl 1J1 <L:^LiJt (J^^LdjJI 4i^ljLll Cil flj III ■^tl ^1 

^ ^ .* J jl ^ ^ ^ ^_LU—ial Ti 4 Cj\ jJg c. dJLij^ Ol 9^ C,r^^ 


Jj—?o ya CjVL->JI (^JlJI 4>jwjl ■>ill cIjIjj) jl^j) j 

(j£.i rt "ill yA jLjjJLlj djjJLl (J^dj Ldajt cjLSLIo jl1£,j 

o{j^ U>^ L^l (j7^ ^7 ^cIjI <i ^1 III Till 4_l3^ 4—(.u-^mi CjI jifl f 

LjojlI^ t * ‘" ^iLg—*1! ^ .....111 Ldxji 4_i_ii_dj ‘^ch^nncl 

tdjLjjjj[jjj tljljj-^ (J^ ol t^i i tiy 

4..47>I^ CjLqjI irC\ i^Juto ^Vl <"<^3 Cj^Laula i-^LLa * i j *\Aj 

CjI j SjLuxll cjU^ji^^Ij cjIj^j^^^I yA I jl| hc£id-on collisions 

cIjL^UoJI fijjt t ir 7 u_3j .cJj^ ijjij- L>^ CjI^LLlII 




L^Loj-ui^ * i>>Vt 1 ^i>> •s i4,,1 ^Llilll Cjljd^l ya 3juJlc CjLLa 311 


)cjL 1LI ^^1 (J-t^ 


(g^UiU UijA«4t^lMf 

jJaiil p ^ ^ ^ iJVju quantitatively 14-a^ <^>"11 cjyLciL^j j 4 n 

‘ Aj'v 5 a I< 1 -^ 4Jl^ ^ i~^r I idJ!^ .cross scction y^j- *3^ *i I! 

^Jl u_^jL^t 03 ^ iJqj^3 lm y^ lI^ - ‘ A. 1 ^**1... a |»ij t <1 

JL^ 4_^t^ I ifL 1 yl^ldj LojIj CC-uidl 03 ^ * ^LjL^I 

CjI^I^J. 1 jd£. (j.u^Llij I^V jnt~ ^^^1 oljd^ L>^ * ^ 

(_^jJl (^^j-JLj-iJiJLl ^V^nU 4 JVjlj tjiJLja J£,L3 j (JLo-j.:^! j i i a11 

y5 SjSitii A 4^d-i c-djL^l ^1 -VTi ^1 LiK At j.=edJl lJ^jju 




x^j\^\ ^^[ SjiJI ^ 


t II 4_jljL4J I Juk (jlj ^ j < *1 '^11 4 A^. t U n HIj ^ 

JLSj t(j-Oj-SJl I n il^-^ er^ (—CJj-lflj 

iM 

tjj-aj-SJI ^ JfiiiJi L^Uj ^JoLSj 1 jj lilljjL.>Jl ^ 4 (JcLijJl ^jl 
(jl * 4_L3lSl^ 5jj i u-3^1 1 rt i I "wl ^ 

^^1 j-lx i!l l^l£^ Lil^^jaTiU t ^ rXl | j| <iltjL^e-) 

lli . lij^ tj-AJtll (jlajJLJj-uJL I i a A JJL90 ftLuiVl 

4-jaj^'« a 4^LiL£^ Lr^ d U^l . ..tl oL^^i \ Sti l&jJuLjq j,iJ I jl 

(JjuuLl I iLiai-%-1 liU ^ n ■ ■■" •“ ‘ ‘-tj -t d. 1 jtl (Jil l A.... -^ 

t^jii^tTLjj .(±i.=e_Jl ■ V j ^ 4 ill (Jill—ijJl CjIjjL>. tfjLi^. (iljjL_>u (^jjl 

(J_c.l_^ JSLLd .(j£,L^I lIjVjuljo (jjilj di Lujj.^^ 4-uaj t"i i nU ^^LdJLI r.. .. I 
4 dl* t" i uU ^loL^I lip"t4j (^^jwaJLuuJLI d »US ^ (jui^LLa 

3-!l^ oLfcj-i-uj^l dry-* jjl)^ 4.j-jjijJLj. ^jL^rill ^LLs ^Lc 3jjj,aj 

^^.aJLI jJk d . .. dl U 4_AJi3^, ,t " HI U (J£^ 

' CjIjJL>J 1 (JjUtja (^LuiS JJL5CJ I JlAJ .(^LqJIwVI (_p3I 

4dl (_^i^ J^ lilt I 4 j g, 1 ^1 'hII (_^ ii H jl I “i r I ■>> V 

jl L_djL^i d . '■wl 1^ ii 3jj ii.-ajfc-d 4.j.lt 4 4_^Lij,^y |a.L,. 

j._l_J.j4_lj 4_ftjlj ^ dy ^jl ‘ ^ 4-JU3I 1 (J-uSLaJ1 (jJ^, . L-4^ .'i ^ 1 1 

tTt-i-uJLl I L 4 K 4 ,1 j a£ (J^ 1 i * 11 CjI^I r < d l*i > d djjjux 4- t'l K a \ 

djjjj!^ — is \1 d .,■■< tl t , l^j 1 ^ J^lI ^“itl (J^^ U^ I j ■ ■ C 

Ljj_ija (_yJi4 Ly^j *“* ^UiSU d)3^ 100 GcV clo^-d-uj 4_3L^ 1 

26 2 

t ^ * Li-<JaljJLfll I IjlA — 4 X 10 cm j_A d,'^ I ^ 

13 

(^pajJLjjjiJl 1 j_lidJll ljuk 4 ^jl liiljLl 4.ja£jjJ . 10 Cm Ua 

(_^)iajjX. ^ 111 dl 4 ituJilj (^LLaJI (jllr>ill i.dL!j 4 j"w (_^Lq^VI 

‘d» jj — dj3—i(jj—il^j—u “ U3—(Jd i‘ii"i (_^^l 4_djl -:UI ^IjjVi 

dy 






CjLjj) (jU j-$juj ( jLua^ (jj) j” (jj j 

L^ 03^ ^jLjuaJlJI lIjLaL^^ p ‘ ^ Lilllik * ^^t.4." Sf 4 Cjljjjj3 \ I Ij 

ALiLs^ d 1^ I & lZjLsL^ ■ i At^^jcJjo ^ ^ * 1-.^ 1 A ^L-\ /I A 

^ i^j» "i . ■■ a ^laL^ i lLILL^j .CjLj^JJj^Ij LZjljj^^JtSU^t pjLju^ (J^ 
.pjLx^lil 3 JLi^ j1 ^jA i 9JLA JUU 1 I—d^^-i-u . JA-1^\ 


ijl^ . IjL^ aIjLa L^lA j^jLl^-lII cj^iLcIaTJI aI cul<u ^1 

qA 1 i^4 4 l-:^jj N(N+] )/2 ^p3 4 tfl~( V 4 CjI <u -x ^j_4 Lc,jj N lIJLIa 

i 300 JuLoj V N ^jl jLu cLi 1 JL>. ^JlC, J-Aj , pjLi^ajJ) j'ij' 

JUJUlII (jl ^jLjLalLt ^~>i iij ^ ..-wtl 4 miilL (Lillj (jx. 

1 Uilx Jj>- (^1) -iJudl i4_ij*iLHl,l JxLj!l]| ^j^ 

CjLq^i 1^*1 (_^L>J1 (JjLu^I LiJLH Aa MiiTL 4jl3 .pjl-ua TJ l ^Ud 3jI^ ^ 

\^i. ,i.^ Ijjw d ,1^ A •*■ ', A JuX. 3.1 ,j Aa-^I A_l1q..<JI *l)^3j^ 

[jV L^LU 4 X ^4 La Jl>. (_^| Lylxf Ljl^lia JuX *P P —^ P P * 

^j-4 Ju^-^ P P —^ * P P P n + 71^ : IjLo^j cl), \ ^"f I til 

(jLoJ^-i udU-A (j,5^ 4 JIjlJI CjlJlLlaJl 

p + p^p + p + 7C^ + 7C*\p + p + 7i'*' + 7r',p + n + n^^+ tt'*’ , n + n + ti"’" + ti"*" 


Cj\ <1 J iM '^Jl jLj^JHj ^43^^ cr^' l1)LSLId JLjXJ 

jl^Vl oMx.Lx3J1 ^JlA jpa {joi^LuJ cIi^LcLaIJI 

^JxLoj cj^Lx-aJLI l^Lx 4 j>.Li 1I oL^LLaJI julx . Lse^ 

(IC LliLjj3^_aj ,t"tl A ^.,. -^tl oHa (^^Ix (^jJL>ij 

^j.u^ 3 iS^ (j^ LuajI J ■" ^ 4_^Lua| . 

tpjl <n "i II 4_^LL3 _4 —j-xLj LiJa^l L^J * '" 0 4 tin 3^) tUa 4 


.a^oLxJI ^J 1! a^L^Ij 4^|^| cjLft^jjJL^ 



iSjl^SJI^ISjUloA 


[J.4. M (j^SLj (JjI—^ t f-l^^-AJI IjLA 4_^_^lj 

Cj\ ^ HI nil tiilj ^ t4_«Lc. (3L-<-^tj ^jLqj f^j£. 

^cZiLaj)lt4^i) <jjLAj-=e.jIiJ (jl ^t 1 <j djULj-JI 4 .i^L>iJ| 

^_^Lc. <“<1^1 ■y\S\ ajjt ^ ^ ^ tim "w jL_^j _ ujVI ^cIjlJI 

• 4 Lij jii I ^ ^^ 1 


. (JljtliJl jJt *1-4^ "‘ " tjL^ . ..'^tl 4 JjL^ 

*( 1 )^..^^ LT^ ^ * ‘ “^ LuiL.L^I ^ ^ ^^JI^C—lII 4_lL4-^ ^^.jUULJ ' jj'^ ^ ^' ‘ “ 

lifetime nj- 4 c.)) >Uiuj" A j. 4 »j (^Tl Jl "i '^Vl j-j_c-jj^ 

.|»jLu3l 1!I fl "il (_^La^Vl ^_paj-ii," iuX\ jJoLm '^‘ 

JoLojI Juvjfj J|ij%JjJl jjl J^SLJLq] J.^4.Jl!I ^l£i ^ 

branching L^'jJu Sjj-iil ( ^ 

C1jIj^L>- ^j^"k 4 M*ij 1-4 -iLj ^J1 >>) ^LLu i^V 4 mi *i i—djju .TatlOS 

. 4_l^l^iJI 3Li^1 Liiij f^j£. ^3^ (.7^^ 

.4-3L^J1 JjJl-S&^ d__... Alnl,l jj !■»"Tt olj-iit ^JUtJl 

4_Lli^ cIjIj _%2u^V 4—^LLa Jl^G ^ 11 j- j A ."^1 IjJ^j 

2 

j_-t_i III CjL^LIs f^j-a 4SLllLaj Loj tl—^jLd t( E = mC ) 

Jj 1111 ** h -^Vl CjI oj III'vU (Ja^ Loa i— 4 J 4-j>.j)'i4a CjljJi^ 

iaUiVl (1870 MeV 4 ■■!-<;) ij j ^ M i l l D 

-X V .(Jj_i_i-^l tlaLcjVl 1^ JUJLjlII 4^L_lI3VLj 4_j_lije_lJI 

5jljj>-j sLi^ iS 3 ^ (140 MeV i ‘j j 

JJL^-jJI lL^L-ajI tjl Jj ^jl—liVl jj-Aj ^— 03^ 



plxiJI 


St l!I V i(JL!ll,1 Ljj 4 _j_4j^I ^ 

<1 u ti f 1 L)JL>^^1 Ur^! "j ^ ..U_5 ^ ^^Lc.1 «Ldj^JLaJlj 

SjjLill 4 41 * Tl o.XJb ‘ .*."d ^j| JL^j . 10^ ^ ■"* IJL^ 41 ■ ^ ,1^ f\J~^ 

^1 »4djt 4 i lij \X ^ ^ 4 j A Tt ^ 4^ 

4Jd^_^l L^jju (3^ t^L»~LAVI LjjLdlj La LiJL^ 3jjLiJI ^ \l_i^‘i^lj 

0.7c_JI 4 -Li^1 4-jjJl>JI <*** 1 j i^H ^ 3^4- A i-j 1 ^Ljl->u 

.5jL£.tj 4 ut A l1iVL>. (_^ 10 ^ Lr^! t.' 41 *n CjLi 2'jjL CjIjjL>. 


*^jUV 3 jl^ 4^1jJ1 lIjI^LIaJI CjII^ 4!uJl>>J 1 diLo-u^ij^l CjI^Lm-a jJLseJj 

iJj-3Jl (j-A CjLj^ij...< u,a!1 j_>.1jI ^j^-LajJJ SjlSlj 

^JJA 1 ^ A^ ■<_.■ I f 4»tJ L^kJ t (.Ij WI . Ojt^ 4 '^' ' d ^ 

: Lo^lj c^Ij ^_^u-uL^VI U-^^l ^{ VI t Ijlj_3jij J2t? L^jI i4-^ll^1j ^ ^'>Ji 

O ^ CjI^LLs 4‘ijj-a. .". a ^ 4^J^.^ CjVLc^ 

,4lrtj utl linear accelerators 4jU-^TI cj^L=e_m (_3i Ijla 

(Jl_36_A j_j_3^ ^4 ^ ji>> *\\ Lawrence ^j-u-ij^ 3j^£L3) 4 .jjj1jlJ1 cjVVI 

CjI^^-^4^ ^c_4—uiJ (-‘‘iJ "Sr) jIj^ (jr-^ jJ^JJ JJJlUJ lIjI -g-j -L.. '^I ^ 'im a 

$ 

L^L>. iZj\ A-j A."^ ^1L V J irtj JLai-A JiL>. 3jbjLc. 

413" I n A 3jj i4^ > I A^ aIi l'^'i4i<l AJ L7^ CjV jyt.U 

. Ijl^ 4^1^ ol^LLa 4-iJa33cJjo oL^LL CjI ajim^^II C^jLciU LaJ^ ^LuJLj 

4_ja^^.:>J ^-q "■ * tfixed target cu-cill c_djL^I cijI j cjL-ifoilL ^-4 14 j ^ 

i 

t 4l<4-4 ilJu^La ■ ^ * j < ^a-Lj^ ^Lj J^b-jlII 4.^LiJI 4^LLj| 4^L£. oL^^-i-u-:^! 
t Li-<b 4 u • 11 i t jl:>. 4^Ljl1I lIjL^LLJI oI j oLiLc-aJi 4 _i_4uuJI-jj . ^Liui jl 



L^jl9UI^|6jUloA 


^ ^ g ^ i—fl^y ^11 CjIjj cZjLjj-^ 41 (Ji <1 aI 

CjVij^^ja iSj) * 4jL^ (-_aju^l jLj-j-c. 1 — 3jja^ — ^^,<ij 


4 M t ^ ^aji t^") I )^Ll^ 




>1 La 1j^ . 4 13*1 III a CjUj^^Ji£U[j 


(—djL^l I II-^Jl (jl^ I La Jj J'^o La^^.a^ (jiSLaVlj (j.5^ i4^1S 4j^jJU 

((CjL-ajL-juail)) ^o-miL 4 —.t li oV'^l ^ ni_4 (_yj3 , jl jl 

d Lai ... 4^^^^ ^JD - ^~ 1 ,^ ‘ A tCOllidcrS 

4 jlaal VI (jU L^ mjj 4^1x. 4^113 1 i i u~X~il iOjL i^JUb 

< I ^ ^^1 (^JL>-1 ^ 1 jL.?bJ!Li_u 1 lILIjl^^ . 

.Cj-oJLI c^JL^I C^jLbUJ 4 . ^!11 ^ * A 

. 4.13"li.u. 1. 1 La-^-3aLb| l-g.^^ i^a-il iaI,!^ C.i i*lU ;^jl*i 

^ajL-uaJ (Jjua ilTl 4j*i.*\.TI a (jh g j in jajL.i.^* 4JL^ j j"i r 1 t JUJLst-^l^ 

j^djLll ^LL E “ ujlP^! jf oj^iH - (j^jjoj 

i.ii-j^ 11 4_aj.j>J i lull 4_^LL Juij 4_i_^j_>JI 4_^LlaJ1 i4_^La-^yi 
(j-La-J-cu^ hC3.d on I d ^ |a-1 Lt^ ~IJ1 (Jl^^ 4 ji.g^i \ I 1 ^ 0,11 4 

(^Djuj - jj^ . .>^\ * " a (2 j^L:?^1 ...“ A lLIj.3o J (y\£j^jxSLja 

:^LLJI 1^ 4 .al .>-n 11 1 4.j^g£^ 

Wc = 2E 

^ 0^1 3"n .collider ^jLusua ^ d^ol f "i ) Luf ^1 C ^_^4;|JjlJI (_dj.^l J j Mij 
La ^1 iL^j^SLui cIjL^LL L^-gJuLa 1 ^ t tj t4-^LLJ1 aJJt 3"tll ^^34 
. Jr i^"!l 4-^j_>J 4-gj5Lll 4_^^^_>JI 4_ilUaJl ^ Lr^ 

3 i^!l Ljl III g iJcLgJiJI ij^ Lr^ ^j-g-:^1 .Ldj..%3J1 4 jg^ ^_^L^ 

III ^ E 4JLdLL jJI III 4^j.^ i^"n n~i i“ill l_3Jl^I 4 1 i 

.E + m c"” ^Ig iJLl jLLVl 4_^LlaJI (^^Ljud 1jl^_j i^j^L-uJI l-sjl^I 





(j-c (jl i_j_i_«Lm ^j-4 oj^ ^L>. ^ ijjL-flXl 

jL^VI Iju^ 4ijSLll i^jLLufVI jL^Vl 

jL^Vl LiUj JuutaljJl (j^ySLo-jJ jjV ^ 4_C._^_jjiJ i (t -^11 «Uoj-3^ 

jIJl^I 4^Li.uJi_4 CjLj^ 4-^ L^ L7^^ 4-ajl <<^"1.1 ^ ^ ... y\\ 4^J 

LoLqj L^Liiuo ^jlu (.7-^ •^L>uV1 d_..Xi 

.3jja^l jLIoVi ljUt ^LLaJI ^_^Lu 3 ^loilLi-ul A 

Wpp = \/ 2 mc^ ( E + mc^ ) 

4l“d 1 jSj^ 4^LL3 pjufc j! ^1 J-a^l j t ilij 

Lq ^4^1 .^l4..*.U jliaVI E ^LL» Ij i—djjLdJ.! C-kiUja u^Ju^ ^jLusu 
, E ^LiaJl JuC L>^ J * '‘*^^ ^^FT 4 *j,lHTh.]M^ (jJL^ 

4JL£15Lo '^.* • E » mc^ J-*—4_5 _j_5.^J1 L7-^_5 

jL^j f^3 E + mC^ 4_^LIaJl fjjA j—i—t^f 4il^l j-^j_jO jLLdI (jj^ 4-^L^J1 

1— 4 L 4 J Ml 11 ^ i^hCn (J 4 • 11 ljl-^1 i^L.2i.l .(J^4_ftJLl 

1^ 4Jii^l 4^L^ ^Jb p ^ 11 .^jL-uaJLl ^ ‘ J ^ ~ ^ ^ ‘ ...(til 

. ^j^^^Lt-u 4_1^ LaLx-i 4->-l!(JLI 

4^^ S4^1jJLI t"« 1 IU L-djL^JI I—"i '^Vl Ijlj^ IjLI 

I—SJL^ll Cr^ .LiJj..?ejJ1 4 j 4 ^ ~ 4-^l^Jl ilSd'>. I-V ic 

4j| (Jj ^<-UtS4 4^1^ jl Jla! -‘^1 c-^ji.ldJ.1 ^ ^ |5 ^ V <r I u 11 

4jaj_j.j3t_4 (jl t ^ I ^ j LiJj-Jc_^l 4 j 4 ^ L>^J 4 j 4 ^ 1—uaj| t ^ <i"^j 

. ^j.^1 ^ Cy^J ‘ l^ian ^1 ^1^ Ct^ <<^*T1 

1 ^ 4jl i((|^J_uj 4-^LU (^ 1 ) 3j-j ^^1 fiJJb^ 





.cjI <fcj t <1-^ ^t**!! L'^“.jL^jjJ ^j£LciJI ^Lls 

cLoISLII cL^LL^I i Jl^J^ t I^jLuu CjL^jLl^j ^ 

^tJlili \ rr "t M(ij J-Jj_ll ^ Cj^J t<ijSLll ^L-aJU^U ^u>.\ \a 

:^_^LlII ' tLillj ^LuajV .CjL4j.wi^ 

p+p^p+p+X 


L^JI ^ I * ^ ^ l_4 * m ^I 4iii_£^ C)^*'‘^ fL*!!" C pj' ^ X L -V- 

cncrgy 4-itLla ^j .< a ^ nI .^“ti .“>1 ^^... Lijljuol i^jI^JLI 

^ 4_^jLl^_JL1 l)^ ^ Ioj Ij_A threshold 

i^jlj^ j- <. Xq ^^-ajJLi ^ j ^ L-d_^_i_u ^ j ^ 4 ^ 1 X 3 A si 

4 JL:k * ^c ~ Mc ^/2 j—A 4 _Sj-:>iJI ^LLd thtcshold 

4 ^ 1 X 3 ^FT J-p ' >4ia^LuJl 4^U£J1 cdJj Jlx£. 4J1^Lj.u 
- a* **. TI ■ ■■ > - t *J-|- <-l| 1 L-fl JL..^^!I d. _ L Li ^jL_Llj ■ lL^aI . ..tl 


(j^Li^j^ I i II'^tl ^jL>. 4_j_(_aj 


Kpp / K^ = M/m + 4 

^jL^ Ijj Ij-pL^ LlUj ^j_A UJ) ‘4 tj-C- Ij^l < JL iil l tfjL-A 

^L_^ X ^ Iti -^U 4_^L1 d cjjL^ Ijj i<-£JJli (j4-c, .M !»■ m 

t Ljjj-Sj 50 GeV^ i^jL^ Cj\^ ^LLs ^ 

1 5000 GeV CxpJLl i—SJL^Jl 


14LtSLl 1 A^L-X CjI i.ii'%. L-flLJoTi^^ ^l^r I 4 x.U^ILl^ 1 djLajLL^iAii 

jl \ "< y\ 4—i^l ><.n LaLIj-^ L^ cIaj-jJLI I—a, I ^ II Cjlj CjVVI 

Ljiuj c_3j_(_u i^.al ir\a jl t~< M 40 1.5, iL A ^T nyuLA 

H^ULJi * r~i ^L^J 4 1 III) lljj .4 _:^Ll11 Cj\ <1 j > ii'^l CjL^L^ 





\ Iii~> La .CxjJill i-dJL^]! I 4 j ^ Laj 4 f■ i_djlail lLUj 

L^L^LL JlI^. 03 ^ ^ iAj^Ij cZjLajl dJub 

t-il ^ j . ..-^tl ."1 ^1 (.iUj .lLlj-JLI (—dJL^Jl ‘ L^tl < A - 

1^ j j -^t 4^Lltl 4 ^L!i^ duSULl < ^1 j 3'3cj 4J9jJLdJ.l 

CjI 4_>i ii'^l 4_^L!i^ ^1 I JUb .4-^^!^ AIa iljjL%j Lo^ 

^ t(Jjlj-uJI jf Jl^Ij.^1 I 4 I 4 ^ ^ i irvl ^j-^^Lt-uili 

AIa 4^Lc. ^JJ ‘^ * Cuaim (—SJL^I CjVI J1jJl>J1 Cj^Jjla 

^Lc. t"< ijJLi u-3Jl^I CjVI <ilijL>Jl Cj^Jjua 4'^j .cIjLajl 

^1—t_u« J J ^ C 7 ~~^ .cliL-gjl will 4 La lj_jJL^ 

(J^l -i- 2 >j—j— ojlP^^ j _tJiJl) AGS (Jjse_I_4 30 GcV 

( 4 jLuoj ^jsLv cjL>>;tl^ 0 JUL (Alternating Gradienl Synchrotron 

‘H 

— 4 .JLuli jJjJ (((_jV j_y^J . Jl-aLk l^JlA (_yl^ 

, 4^1j tyLjid Ji>l jl (jj^jia 900 GeV jI t^a 

I M 4 Jj ■:>■ t~iU 4_3^L!Jll 4-jj ■> MiU CjL.4-j— ui-^i Lj ^ ^ 

S4^L^Ji 4 _iJLc 


5jl-j.j>-jJ 1 CjljjJl LjJ^ 

4^j 4 j^ 1 t Lq iudLL^j . 4_^^j_p_*J.I CjL^—o L^ (tJ—JI 

tcLUj (. 7 !^ ^Lj 4 J4 ^ .4ji:^!^^JL4 lZjLL^ LAjI I* r I ijSm 4x.jJIL4 


Jjjc-tj 4 jig C ^\ (j-4 \ g J '4 j^SLilll 4J 

(j^ 4JJ .4_c._^JJL^ L>^ ^^^^^4 4-.JI_jil 

4j^b/lj 'tj^~j_jillj t~J\j|^ "X tVl i4_4Ji£[JLl l^IjlaVI cjLj^^LI. 


VI g'wj Ijub .t~j.i~ill ^i i^~ ^IjijL^ ^ t4^jJI 

“ jjj^<£LTI !| — (jjjjJiSUl : ^IjjVl 4_uj^^_4i^ 4 1^ 1 





, 1j5Laj (03-^3^ - i (j^jj^jj “UJLH>d-* ~ 0 ^JLh> * ClPjlH 

i^jj^ ."tl . .,'^tl ^..A'T iLiUj j l^"c ti" A ^ j ^3 

t il '^~i ^1 4_^LLaJl <L^Lc CjL^jI i.i^~t ttji L3e 1 i in 

1—uaji edJj t4_j_bl_^ 4 -j:wjJlj La^ <v r. (jL^ I jj CjLojI 

4 t Mt? CujjiJLI u^JL^I L^jl '»"<! £Ld£^.^Jl a, \ ^ 1 . 1 ^U"*i 1 4 .... ^ tit 

cjLj 3^3 a \lx>ia cjLj j[^.I^ 3 J 3 Aj^jIj 

* 4 J jltJLoj 4 ‘tj -^ .•:..a ^-il ... *>^ *^^ 3-^3 

^3^3^ — 3J£^3.uJJl t"i“t,i'ii" l^jLm J*>« > 1 JlitJLI ^Jj 1 1II 
4 " i"t,l i__dljut^l ‘ 4 i A \ ',jr- I CjU^-lJI ™3 ^tj3 ^ ‘II Cj^'LL^O i^jjz 

uIjI a J i ii'^ll * a .1 t , ..1 4 J Liliji^ .^L^JI 4 ^Lc 4_x^Lj 

^ 3 ^-j-l ^-"11 lLUjJ 4,iuatlljj .^jLjuaXI (jy^ U^ L<i->"JI JL>-! tj 3 ^‘(l 

4ij3^ U3^ (j^ ‘ ^' 1 ^" J ljuft .4^Uaj Lt 3 J 3 ..ijiJ 3 I ^ '.^-■^"3 cljLj^jUiJI a 

L^L>> t**<l S J 1 t^-itl ^Jl^ ^ (_^ift 3 '4*>J i~. iSj ^ 4 111 

4—a^L^l 4_ • .^iVl 4_4 jI_aJ cIj 1_^1_CjLj ^33 _l!1 cZjI JljJl. _t ^3 1 ^ Lji3^_jjj3_J 1 

^j^ 3 j-Jl 3 ^jJJ 3^^1 lZjLojI I^d LoJU£. i Jlill Jj 1 i <i (jy-1^- CjLajLt^-oJJ 

i^jji I d * J 4jL^uaJLI lIHj (jl (^j-JkJ c-dj_i_u uLLLs si ±>>-^1 

t i <^_tl jJIlXLj . t a ^1 _t_i^LLaJji ^LlII ^a .1 

^Llll ^LLa^Jl (jjQ L^Lj 33 j£^ 3 J OJLHf 3 . 3^^3 03>-^^^ a \\ .^a Jjuaj>ij 

. ju 4L>. c-djuk cr^ l^^Lu-u ^_^ 33 li£L!| ^i • ■"■ 4l-k. ■^I^'* 

(_^j—j_a ^t^i-- cj^ '» f a j^\j^ 4 • , ■■" LJLj>. ^LjlII jljzk^ 
i *ijJ 3 (‘ * '>) oj j ‘ *' t5jLJc_iil CJLV 3 JI (_y^ 6 ^ 331 * ‘l)^J 3 ^ *-^J 3 -^ 




A ^ 9 Aj i^jLLJlj Lji3-^3 i <i" ■‘S^ i 4 _Ljj-jLll I-J3J3I (_3-^ (^33 .' ^) 

. Ij^ 33J t^l mj-^uu^^ J^143 t^j^x^L 4 ^LaJI Cjl^LLaJI 





i^LaJI Llil <; j < ii n j i" ij 

^^lt\i 1 900 GcV (_^J 5jL-uaJLl cjLjjJjj^-Jlj cjLj^^^-JI Jj%-*j 

^ ■ t"*! 1 I 4-JliSLJI cL_itL^ A1 t\ i! 1 . I“. I "j 11 l^Jl^Ij n 1 iv-*t 1 

Jk\ ><:^ 4iiLL o!^ ^ Lof .2 X 900 = 1800 GeV 

^j-a 4 j^Ij 5_jl2oI jJ ^ O-iiiJLI l-SJl^JI 4 jlaf tl)^ • 40 GcV i 

uJiIL^l iliUj-j aj 

jL^r^ tAGS (JjfcjL-a ^L*J1 5^L^JI 4_iJLc 

ij-^ Li£^ i 30 GcV 1 ^~aI U cjLj^^^ U.tj cj-jiLI L-djL^JI 

.RHIC ^J^^ <"m 

(jjj^^nSLIlM-I LojLuajo LEP (j^^-u-u ^3 -%jcjq ^ ri.tj 

J^l—JL-i Jj? ^LSUo ^„LiJj . 126 L^Joj-st-yO 1 j 

IjL^ I—uijlIIj Ju>-I^t Jl-5-Jl 1I ilrti-i.iH\^I . 90 GcV 

i7 TcV L^L^L^ 4t niU 4_al>Jl lIUj (Ji-lj Qjjjjj-i — |ajLi^aJ,l J^jLijj 

Ilf ^ * 

^ LtiajI jjtj- j ‘ •' ^Jjuuij ^ j**/!! c^i * tX1 4.fci I u ^1 

. 440 GcV cjLj^jj^ ^jL3ti 


bL 4 j^ 


— "Cti ^ \\ A 5jl_i_c, (''JJ j SLAG SLC 
JjL_$ j-j—a-jJl c?4^ (J- ^ .45 GcV 4-Jj_ji_ul tljLflllD 

^j_a t"il A \1 1^11 ^L*J1 I V j*vJJ 4_^LlaJl ^ i^A 

^^ Cj^T jj)^i:a u ij 1 Julj OJ^ O' O^^^J 

32 GcV^ ^jLjL^I 1 — (jj^^-HSLIl CjLajl a lLILI^ 

.(0.7 Gcv) Ld-LMjjj (2 GcV) ( 5 GcV ) (^1 11 "! (J^ 

i4-LoL^ oL%J^ i ^ ^ ■ a ^ 4_^LiJ3t CjLojLu:^ LiJLljb 

^jL-U2l 1I ^ I “l t ^ -^JJ-^l"! ( nj L-JJ-^J) Wl~ (_j—3 IJlJ^l ■ i J 4 



uSjl5Ul^l6jUlOA 


.^L*JI (j-* I y jDESY HERA "^iVI 

800 GcV j 30 GcV ^^ ^ 

.^1^1 


^IjjI i^JjA JlJJLJlJI ^Ll^_a -Al^mA (jjj "• ■ ^ ^ C7^ 3Lj.^J1 ^1 

^ \\ 4^“. W lIJ^LcL^ ^Jja JLiJljj^^ 4 A^ t I CjL 4-J_i_iu>j 1 
CjVLau.4 ^jja (JL ^ kXI tjub <nl,l .j 4 U (J-LstjJlj 

(—^TlJ i |4-1 clUj CIi>.JN \ 5j^l.i.ii A <(4^L-uU» t ^ • 1 

L^L^ . cjUL^I (J^L>- ^Ja^JL 

L^il j_l*ii ^ ~.tl 1^4 ^ J ... Uj" jj Ld 

[^Ua 3^Li]l cjMjUUI cliJj (jjLiuilj t 4 »j iUTi 0 ^ 1 ^ symmetries 

cJL^yU 4. i ^!j i\„y J 3^ JL^IjJl ^L-4'><3I ijuft » 4 M* A 3jl^XJ »s • t Inj 

4 i I iii-Lq 1 iJ t ■ -J iLaIsc^ i V 

'f 

.^h(ll ^j-ul I ti'w^^ ^«£J1 l£l^lSLj.4j cIjI i<>>L^I 


t(_j-usm ^j^ (_yjj 3^1 pill ^^LlL 4_j_i_ti^jji cjLj^i (^j^i (_yjt3 

^L^Jl Ijuj J t n r 

tjl—i!uj JuaVi LiiLl^ Ldj-sejjj 4 4 j g 

^^1 L^l .ciJUj Jukj Jlj 4J^j ' ^ “ J * CjLjIjlj 4^LLa]I ■ 

^LdJI 4^x^us ^J^AJ pX.jJl (J^-^ 

JjLgj 1-g (jja 4 L^jI 4 jt j '> 1 ^ 4_^jij,^j 

4 • j lUtl 3j J ^^ A lLILu^ 4^L^J| a ■ ■..itl . 4 :^l£LgjJt 



»Lipl 


11.1 lU cjI j ^ j * ~“ V 4JijLj ^ j ^..i . ..VI 

^ j<~i CjJLjcj ^ Li]j-%aJi 4j .Ut^^! 4 t (II itLjj *^J < S“ ...11 j 
CjJ^fcj V Lilj.^e-^1 4 j4^ 4j iiiitljj i^lLILu&j \uJt IJ^i CjIj 

4j ^ (Jgt^ ?Jl^I (juiAj i^LLs 

4 14 <^~U (Jjl 4~< H ciJLx^ (J~‘^ Luajt - ^1“ ^ A ^tj^j ^LmI 

J 

(jl |4£.I 5 jj I < 11 ln~~j (jjljjjJl j-j-ij^-Lll Ji.Jj (4_i-3L>Jl 4 _j_j_4_u^1 

* CjL1oI_IX 1 *1 ^ a j . ..1 . ..^t d «j .t«>!l 

»ij^ J ^ 1 j 4JJ L>>L-m (J.2_>u 4 ^ j j ...iU tCj~l ^ijC 

CjI illn" a ^jusJ "ttu a .4_^LiJI 4^l^JI Cjlj <Zj\ 4J • h '^1 

. 4.j1j 1^^£!JI fjL>JL1 ^ 4 _u_lJI Jfj-^ L4 S[a 4 4-t^L^1 4_u_u^l 


invariance V - ^^ISLajJ! JjL^I ^jL-^ 

oVLSi:)'i!l 4_jJLajJI iij^LSujVI t-ajj-k 

(^Ix^ — (_^jja^a_a jLLaJ 0^) O^) 4_^liil 

LJJ'** ^ ^ d_jl . fVI C.(-4-i ^TjLl4 

parity invariance ^juJl Ujt (cJUU 

\ Xj^ V< (j-iia-Sj JjVl ijL^l. time reversal invariance jj^ISLajI 

(J*^ ^j-uSIaJI L- fg^ -La cl<j»o f j (ji-)l^^-a J- J • ~ 

tlJ|j-j3e_jJI 4. J 4 ;jl > . r “ r 5 P -^ “ P I l 1 !^ 'fcTtJl t~4 ^ ^ *\j 

J1 ^ 4-$ ,5jL*iVI J Ti p J r ^>4 jV L = r X p ijuii J_ti: i^jljdl 

4**j V (Sj -^. V (j,^ Ldj-.:tjj 1 4j 111"^ tji (_>loj-Ial : 

tjLa i'ii*l ,\ ic. .4_^j.jtiJ ^jLjlI (_^L>. 1-4 (Jjx r (t) (jt i V (r) 


T "til t *] /*C 4j) ^L>. tjlj (J-l-i^ *4 —Ld^ i"i ) 4_J j-^J^ 

. p" (t) = md rV dt = - p (t) 03 -^ c ^3 . r (i) = - r (t) :(cl4 

^ ii^lc ^4 'J Lt.Ui4 i ^ ^^4.^ii ^ La ^1 I (I L ^.4 I 11J 4JaLfct' ^ I ljut) 




iS 1^1 6jSJI i2>ii 


(jl JL-tfj .(jJ J ■:r"lTl 4 j (J^ *^! 

Jl^LIj ^ ^^j III I -a (j^jJl (j^K< il j. jjfcj .^JuJl 5^ jt “i d V 

jjl (LiJj-st^l 4 j*“* 4 nj 1U n ^ j I t“i 

■ )L^*i aj V Jl-^j^I ^jl . LuIj (Ji^ 

r (t) = r (-t) (jL-5 SJjLjlX r (t) (jl— ^ ' jj *(-£lIj *Lij 

(j-lJl Jj ^T'^ tl)—^.>:H ^ l-sL*—a -p (t) = “ P (t) iLillj-^ Lttajl 

(j^l-j-j-fll ^ JlS_^ (j-olSL < i1 j. IJlJ V* ^ j i ~~i V 

(^^l£Lt->lj ^jJJI (JiiL.4-ill _c^Vdl 

.^a£L!l ^LtJJ ^llLoj 


^^.dJLl t i^jLjJI *~ |:kJLjLl 4_u.AiJJLi ‘ <^'' ^ • ^‘‘> 11 ^^LaJLl ^1 »>> 

(^JlJI ^jl f-laiLi-u (^y-tb^^-*JI 

IM 

^ju . JLftujJI (_yJj Luajf j-ojiiJ jijjju^i L-flJj ^JL»,i.»,ll 4J lJJ V 

4.j_,a^ ‘^">^ d T " '^ i>L>ij1 ^j.xi^Jf (_L)j—:%- jJl 4 _j_^ 4^ i^L^ul ^jui^LjU ^juil 4^1 gX. ^Lj 
jaJL£, IjLA .t-il!l i?L^l (Jji£[jfcj ^ ^ (Iv®^ (jJj-reJjJl 

4.^j_>. i?l •>■ )1 Ijl j, J_iJLJ V ^^-jU9^^-Jl! I ^JiSLoXI (jl {) A * ^jjJI j—^JU 

(_flj ^7i ij \ M l ljj-Li^I ^L^Lj tiJj-se-jj (jj j iti ^jl (^1 IcJiUi (j-u^j t(jjj j iH 
(j-4 LjIju Ijl 4jLj I n 1 u ^JL£. (jt VI ,(JLc-tiiJi (_yJ| <0 

jiaiil •" (JJLLA CjJ^ C>^ IjlA j._^Vi cJi^jJLl 

tj}j TT "ill (jj) _i ill (^j IjlA Ljj -^3-^ • 180 jlj-S-cJ ‘ LiJj_»_lI1 ^ j ^ ^ (j^ 

1 ■ Aj J J .". I lJlI (jVt 4_lSlJ i(jL^4—1^1 ^LaoLi 

^LILj (J^Lj>J1 (J_^_j-3JL1 Ijl^I ^ i^jJJI ^ j t'i ^ j 4 

L^ juj (jyjJt 4_5 j^^.^JLj Ljl»j V ^LqjvVI (jU \ n i n 

4j^ ^^£L11 l£^Kj A (j-ojJl (j.iiS^ J L_al .tfL:>oVl (_^1 (—iJ 

4_La j)l <; i n'w «L^ jJ^Ju (j£.Laj ^^1 j t t-dJj 








OLl^ 


fj <1^ * n (^K1 il 4 f, ri'>% \ .3 + b —^ C + d ’.(jL 

LIjV j ^ *“j (jl 3 jIjJ (3^ .cJlIII oL^LmIj ■^■"11 

Lillj jj-^r. V .C + d —^ 3 + b j "it iI (3^Ju 

.4 rtlllj (jJj-stljt 4 ,l 4^ CjLftL^I jjgjlSLii.il 5 U,..lji 

(_^1j^jl!I j, j 4" ^Ulj ^_^Kt tL ol^ IjlSLaj 

.c + d —^ 3 + b j 3 + b —^ c + d tlr^—j (jljL_5tjj 

11 t I " III a ^j-ajJl ^j-uK t il ^JuJI 111 1 d (j| tjVI |«JjLJ 

CjI^LIIIj ^ 4 **ij 1 i^^LiJI i A j j ^ . a A J • i_>sJl CjIjjLIII 

. 4j ■ M^Ui i• Ajj ^C tij ! 




tdt>di 

J? l-i£^ lLILl^ ^1 4,^*1 il^^l 4jjJi^ 4_^LaUl jjLia 

i-Vl 4_L3e—ifitJI (j-« (S'^ 4j_3t_i J-js-sc-j iu ^ l)^ 1^ jh i 

4jl.i;^ Ml 0 '>» (2 )Lj ljub 4* I . 1^ wi^LIj II a^wLt. lU 

(JmJu 4j J fi" t n 4 (jl^ 1 jjj i4ijSJl (J-oAJ 4J 1 4-mJ^ t C 

^*^jj_iJl ^1 4 I nil ^ (J^ JJ t jLua^ (*J ‘ ‘‘>J 

Js>j^\ SjU. La-^J ch3rge conjug3te ^:-^r.A \ 

p J L)"^J P 1 Jl*v . jl (>ill i 11 '^ll (3^^ >1^'^ 

(^liiJLI ^Jj.i_i_u .3jdjl£. a_j IAI ^ a cjULliu-uil 4.^^lj . jLuixLI 

j jl 1^11 (jj(_^Ji£LiyIj C J 6 SjLc. ^>v V “(I Hj 

(j* J ‘ ^ 7C TC"*” O^—|aJL^C_j _uiJ dilJLljJ ‘. C J C ^Ju 

l1i i_4-J.^-u^d 1 l_d1 . jLiia^ 1 ^ Ajl .“^1 > ^ji_t^^_je.oi.U 

L^l jLa^ i 7Z (J^LtHll y J-il—a (j-^ 4 i'a-1» jJ-a_>o V 





Luu . self ~ COnJu^^tC i L^ 4_t^L>LJI L^1 _^_l.i.u>> n '* 

<L-jJulj^l 4 j^J^ VjI ^1_uaJLi pj -^Hj ^ ■■ ^Ijjl ^ ^ ^ 

-ft (J^ JnI t * 1 Tl C-uJa^l . (^J-j-uolI]I L)^ 

0 in" JL_3J .^jUoIj J) •> I (2^G]^£L11 |^^L.uiJ f^l (^|j—^1 

i^JlII 3ju_ftj ^qIjLcj «lL^1j (jr-^ L^LaIG < lIjI^^I ^ J ‘j ^J|^ 

charge - cojugalion ((4_:-:r AA\ jl^ " el ^ j ij Iju^ «-iij-^ 
(jj-^ cjL»j 111 '^1 Iju. 4^ LillG juu ^ linvariance 

t~( ) 4_!1jIj ^ J (j^ ^ J 1 *" '’^J^ 

1 Jl Lfl 4 .3jl i^U CjI 0 j < II CjI g^t 

4 jl4 r, ^1 JjLJu^ jl ' * 4 jin C I ^l&GJLI ^1 j-J-*_l]| i^jLX. 

4—£ji *^,II LZi\ ^^<11 "^Jl t". T| t j * ...t Ijj j. j * *j V **- -q *^') 

. ^4., inj I it/x jLbGxia j -.-■■-'^ t^JbJLjud (J^’c-a (J^^) ^-1^_ 

jijSj (jl 7C^ + p —^ 7C^ + n j Tt + p —^ 7t^ + n (jj-L^a,tl \ j—SjIu I jl-SLaj 

j_j_jJkj (jjj TC^ L7^ ^ *j ^*1 LIjI Lljb <iX^Vj uJ 1 ‘^j tl L^J 

* L^t j (j—t jJ-jjll1]I !■"* '*<1 

(jl (j^l foLi-) jjjiISLjljIj ^JlIJI j. l t") V ^l,i 1 a ^ Lj 

jixlGJI 4j^^_^ i4_3jjLJaJI oIjjLGJI i• a ^ i'*- .^.tl jjlj^^t CjLu 

- iJ j . ..jUl '••^^ 4.J^^I 

^^jju <» tTl Q^)-3JI CjI jijiii Li^ 4 tgr nill 

1^ ^4^jJLj 4j| ^^jJL \^ll Jl3^ (J^Ij LiiJj Jju tl 

djl^oil 'd^ 1 • I*. .1A d <■*■ .^.11 T* p ^jlIJI 

a a "a J • Atl > (_^-^J i4 '^-jTf CPT 4 .JX^JlII 4_^LftGj| (j( Vj . a ^ 

^LuaVLj .4^I^SL!I JL^I i^jL^ (3“^^ 

^ m «* 

. jLuaJLI |*\J pj ‘ '■ i^kJI l 3~^^ 1^ ^ t“C! 1 j .Li 



1^130 




(jVI LUSLI Juu lIjUj) jl-^tlj CjLSjI 3 SLII (_yjj (^Lj L-flj-i-U 

CjL^jI^^SJI «^J^gjuU l^ t.4 ^JjoLt"!lj ((L^Iu^j)) (Jjl^Ij 
CjULjSIS^ 4_i^L^ tjul ^ V t ^ ^ j ^ iZj^j^ Cj lj_^—il^iJIJ 

.^J^l i-dJj (Ja^ (_yA jt ‘d\t^ a) A 

IUajf jLixa jjjp 3 ^j (jjjuSLl) (jJj Oi^) o! 

‘i^tj (_yJj (jIj (jj) ~ i j^) pj ‘ ti "fil 4-jLtiJ.I 'a- 4 i^Vlj (JLt-lJl 
^jL^ SjLt^l jl <L^I jJI 4^jJJ1 ^Lj i j _Ljw LuLub^l (^Lub ^1 V| 

jIj (jtj“ ,‘J^ (jA cJl^I ^ ^1 f^Jt 4_ui^^1 .3 JL>.|j (JjSu (^,td^L3lljl 

f^\^-uj (LjiiLqj 4^L£; 3j|^-ji^u^ . 4J^Ljr 4-iir>l 4 _»-Lj_4 <L 0 L^ (.iJljj^ 03^ 

iJla:.rJl Cj)1^1xm jt ^jLuajJI ol^LcLdu ^Lk- 4u,i3^0.*4ill ^Lsl5.4.1J <Lu4,«*.IJLj 
ij\JLa (JcLij ^JL4 j->-VI^ U3^ ‘J ^*'“ " ^ J“^ t'~..!^ia~ Cj^L3» 

JJ 'jrj^ phflSC-SpSCC factor ^^J^laJ( AJl (J^ol a. 4 ^^4 <iU 1 4 Ai \ 'vl '.^]^4lxL<-4 

4j>.laXt ^LIa)I Qji |jL>> l^JLLA I ^llaJI gi t*. ■ 1 

(JjoL»_4 a 4‘<*J V .tiujLJtJ (j)l 4.j^_>Jl J ^ <L«Lal (j^Sij (JilLijJI (jLfl 

(JaL*J 1 .4jjt ^ .fau 1 ol iti-v (jSLoj^ ijj.tii]l (Jj-udLij (3 J >< 11 ) j^lj-ill 

A"tVl 5 * “■» ^ n "■’* ^ J ^ ^ Ji ^ j-Jb 

5 l.i ^o^LuiJI (^j-uL l^II ( 3 ^ SJttVl < transition Bmplitudc 

.4j^L-uVI CT^ ijL>> J 4 ^ 1 " (4^1 jJl 3^^4111 

Cj^'Lc.L^ J^i • 11 (jj_^l ' t-» . ..ijl JjL-^L (-Bj-aJIII ^ L St 

a.t 4 I 4-^ljJt SjLufull t.S .t-> ^JL^ La (_^A^ t ^ ... S I p ISt Ti L~\[ ^ I . .. "^tl 

^Jb ljub L^j . ei A , u J ^ J “'- 6^3 - ^3 J ^ 

pjL^ ^ju^Li-u 1 ^] Jjaj (Jj^JI pj ... -^tl jjbljla 



KSj\sSJ\yJ\lj^\0^ 


cZjI^LuuL j" ^ I 1 ^ j] * — I L^ it ^ ^ ^ 1 1 

2 L^LiLl]l 3 j_^l j^i ^Jji 11 *ijL-jJ^ ^Luia .^1 ^^ ‘“j <_u£^l^£L]l 

4-^1 jjl ^JuLJI (^Lijb (j! J^JJLI O^J *clP 3 ~^ {jl '>■ I .Uj... .tl 

i~tl tl ^ *tl ^ 1^*1 .5 a\ r- * (1)^^ j a.1 ... AVI j9jub (2)^ J^b 

JLI^j .4j^_^| <"*1 •U 1 ^jl n a ^ t t^\ (JLLjljI ‘~*t ♦ '“* ...jUl*.* Aj^^Ctl 

^Juiif (jl 11 ^y ^ CjMx.LdIijl 3juii t~i3 ^ a U.. ..jj~ /> 

CiL^Li^l JlIc. (j^3jjL3_ILa 1 * . .^I ^ ... .t^li « (—aj_jLjJaJ1 1 ^ i ^" 11 

i^jja <Lxa^Lunj 4 i"< a! 3 jL£. [iJt 3jj ' “ * <—t JL£.1j.^ Ju, 1 OJ'^J * 4^1 jlII 

. I 4 J j ir^*w V 3 juJL^ oljLil^l 

71 + p —^ $]( "I" K^ + 7C^ J p —^ 71^ + Vp : ^aJL-jjLu^ (i) 

71 + p —^ 51 + K^ + y \ tP —^ Y T ** ^LiJLaj^^ (ii) 

71' + p -> Z" + k"*" + 71® ; 71"^ -> la."^ + D ; 5_(iii) 

j^LlII 3^alj 'd*J 4J ItiLt^^l (4jtl3L^ 3jja^j 

5j^l l^jjL^ llij 4__^Lj fjja . CjI g j i II Cj^Lc.Lij 

Liilj (jl—^ ^ CJJ, V >• t ^ ■ ■■" I. La ^ 1 3 jl) jl^*.uJ I 

^Ljj_ 3J1 pjg ■■■“ 1_ ^ ^(3^^_3.^1 J ‘ ““* t ... S>j nil 

i fr 

t ^'. L i.. - ^a_ j ^ AVI 4 —tJL) (^^£Lj L-^-i£Ll^ lL* 3 A 3 ^^—j_»_L^ ."tV i i ^ " t 

4 J ^-4-ui-i V ^L£.L3 j teiUj jLt-> M L^l uM 

4JL>JI ^jla ■ a 1 AI A 5jj 1 3^J_a 3jujLuii 3j^ ^jx. cij^jL^^iij 

jijjL^Jl iL^l^ L^L^ /aj ..A^\ 11 '*■" 

VI p ^ ■ ■■" V ^ d *1 a A J « Aj AJl i_41 - jji A". iVl 2 m ,., jI. i, A_t a_^L • tl 

i j I . ^ ■ --^Lit ',• L^l oM ^^^Lo-jlL! (jLa-i . a AjAt^ Cj^LjJLjQj 

^ji ^L>«jVL) _^l 3^^J^ ,a 3^^_3J1 ^j-3-w [_A ^J^Laj ^ ^ L\A | j| 






(Pil fl j • i>iU djLib (jLis t Lc-^.j^i£^ j\ ^jL^I 

(JL^ JLJJU^J . 5_ji lu jl, 1 a a J^JL>. *n 4ji t 

. c ajt L^ 1 4 

^l^Vi Cj^iLcL^ 4^j^j-jtll Cjl.aj Ill'll! ^jja 4 j ilf.Vi J^ju 

. hadrons ((CjL j JIJ JUb» ^ 4 — uLl .4 • ^"i A /i-il ^ I . » 'wTl ^Jub l_d^JU * 


CjLjj) j iTlj CjI_ 


aJ-A J- 


.0 



(j'G^j.4.:^ j_yJJ oljj^JL^i ^uSn ,5^^-iJ^ CjI 4J»(TI , 7t ) 

^ cjLi^LJI .mesons baryons cijlj^^jjL-JI : L^4-<b ^yC. 

JlljLtVl L^L jl^jV jJI cjUL^ cjI 

CjLjL^ i4_^jj3J CjI 4 j I (1 Cjljjj^ij ... t ^/2 * ^2 ‘ 4-jr j ■> i^ll 

4 j tjuj S*i ... t 1 < 0 *4 ^ j ^ i ,n 11 jljL^Vl CjLJlcLlIxjs ^Ijl)! l^.tfl 

. ^LiijM.j C^Ij 

(4_d^.±ju^lj 4 j ... jU| )t 4 n Cj^1x.LaIJ 1 j ■.. .^tl 

jjb 1 ^ui yjn • id^\ \ 4 HI 4 J£LIlj t4j^.^l cj^L^Ld.lJI Vj 

La ^4 -uiGJ 1 1 Job ^ ^ ^ f ^J-4 ■" "' • ^ J • -jL.jCTt i 1 

T t [j. I Q '> MiU leptons cjIjj) "i > jUI^ W~ ((4 ^ j % i>>ti cjljjijij_Jl)) 


.^jIj cjIjj" ijt iCjLj^^ ioLj 


Cj^L-^L^ LbJL^j p^ ■ ““ CjI 




(—^LIu 


.3jLuaJll L^l 4j < CjL bj-ij^3 J *di 4X.J) 4 aII 4Jub 4 * 'ij^ t4 rtj • <X 

*C7^ jLiJi^i I yji 4 is ^ijjl cJLljb 

3jLuai.l 1—^^ *> J <J ^-Lj^j) jitj jt jIj U 

"•T.. " -|I-" 

CjLa^-^jGj j f \ I J ‘ " *“ . ^ L^-S4 J 4 I 4 L.^ “. t ^ ^ ^ ^ 





1-u (3.‘ t(j^~ 41 jLc. ^jLaJLo f.\-u^^\ ^jl-juaiil 

^_^L-i_^1 ojl 3^ 1 ^ p rttl ^-uQ-c. LdLLA .3_i^_5t-*Ul 

. Z JjLQX) uJl^JLjuaJl 

d ^j tl cjLjjjj-Jlj <uL_iiu t.v >1 ^ 

^jjil V ^ CjLjjjjj) I ^ 4 JuJl^JI ^ d * ^ '^ ^ J 

.Liaji tzjlSjljUl (_^jj iVU L^J (^Li .gauge bosons (s^Ijw) 
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(( ^ )) ^ I «• I L<0 • ^ ^ ^ . 1 ^ 1 ^ t t 1 I * A ^ A I ^ 1 1 

.,j£.Lu 4_i_u^ <Lji^ ^SJl 4 i -»• Mill (j! yjb Ll^Lxji-u 

(jijjijj^l 4.i.aK-<if cliljLjxjj 4 J-sc-ulJI LxA *,,, < I iiluji U. 5 ^ -a^ 

4-^j^,,^*CII 4 <i'»^i liili JjLil qJL, L^Lc C>^J ‘ ' ■ 

‘ ' '^J^' Cj_^ J ^^ 3 P _liLaVl _ aj Lil_^|^ . i 4 p ^ ... ^ ^ ^!l 

4 w.\t ^ JJlC. CjII^ ^ d * |J1> 1 4 J->.*L^ e ^ 

e c-i-lLj-uJl ^ (jj-AjJlj p iJl ."i"l 

tJ-iLHJ**^'J j i!lj uj~j ^^ 4 I <<ii^Ljj *~1 ^4^tl jjLiJi 4 4 j 4 

0 4 (>■ Milt 4^]i JJulII 71 (JjLjlIII 03:^1^ jLiiall 
' ‘^ J 'J d^ ^' 4-i.se-iiLJI IJuJI 71 + p —^ 7C^ + n (j£,L 4 iIlj 

.t;^ i_dJLiej 4j^ 7Z + p —^ 71^ + P LaI - 4«j .l^tl ^L(l3 cLi JL?cj 

iLdjl^SJl 4.J IfJL^jl (J.^ ( JLdjjLj (ji^ - ^ •_» »t^Tl V . 4 w.Tl 

A^L-lo— 4 (j3^ (j^ ‘^* i4-^Lc. 3jj_i^j '4 \ 1 


C-) 


cjLl: 


tCjud-iili^l LjQ^ tcl)l£^j1 4 ^ t4_JLuf «4—4 j ••*■ 

t4.1j4^ 03^^ ^ J iLub (jl I 4 iS[ 4J . 4^ <<l^ CjLlSC-CU 

. Vjl4U.4 Ji^) «—^ JL^ 





£_yk. Baryon number jjuJI 

ijub .4-3jJI ^jja 4^1^ 4_:wjJU 4 git > L^ ^|j t^Vl ^ ^ Jl>> 

0^3J 4 "i g j-4 ^ V 0.5^ (_ygCJl JJLjlII 

l^j__>.| CjI g ^<11 4-Jjl t“Uj -TT Ml U X CjLga-i-u^j A pj ' 

(<J^^ '*' ^ t^VI) jj ^ '»•" A\\ 11 1^ "1 -1 ^ ~ 'V tS-lt j,\ f 

jjV JJLxJI < (j^L^ ^*C.TftJ -a j-r. aj p -> 6"^+ 71^ 

^ 1ju)> - A.^ 0 4_1j^ +1 pjj ■ -Tl jLmJ ^ JJulII 

I JlA 4_^^|j_g ^" . .. A ^J J ^ O^ 

^ g t n ^1 ^*j)lg a > \ ^ij *>-'i gj (J^^ *»- g i^Vl i^Lg-i! 4~itl 

10^^ L>-^ J"*^ ^ 3^'^—O ^ rt*! < M g j C 3^ (jJ^JL^-^ JriiujJlll 

*4i^ 5 jJ. S lepton conservation liiU^ 

Ijjk. j^ D^ 4li^ 31 ^ 

^jl ^ t Iij 4i~^li Liilj (j f ij tj lU *(8.1 (JjJl:^ >1^0 

t > ■« 

tLoL£L>>| ^ j' n ^ ^ n jIj LJ[3d^^ Lg| .(.Ixt-iJaiLi 

» ^ 
oJJt K <1*^ 1 t A I’ic - £jj^"X \S\ 4h*C ^ 5 *j^ ^ ^ J * ^ jL^Jl 

j n t^ll ,4 j^ <i 4j^ 1 i>>jt L^ (jl I jt j ilo 4jl^ tLug oL^jJjyj^^l 

1)^ ^ e i-tl’tj" .jttl ^j_A Cj^tjl^ ■JL>.jJ ^ Lg^ 

jLloJ .(l—g-^JuJu-uDj) D^ i T i(Lg_4jJbJL-u3j) \)^ J |J. i( Lg_^JuJL-u3j) 

4 g I iil->. 5j^_i^ 4il£^ jaljLuV ((^jl i gll j j gll ^j^-jg-lJI 

*" * ^ J “* ,‘ J ^ ^ 5 t < ^ < a A ^ > 34^ .4^La ^ 

«*‘<j'^ lO ^_ya ^ »j~ ■ jJUtlJ ■ ^ Ldlii^ - Ij^ 4ijLjLl ^ J ...it! 

L^ljuJuia J_-g_5fciJj t+1 jlli JJLaJl O j C CjI .gjm ^1 (J-g->>J 

*(j rt 0 ^g*vU JJ_^t CjI g j m '*<11 g ^jg^ll JJUlII 



1^1 Sj^l 


l]~^ 4 g<iiL^ ^ 4-^j^^fcjQ 4 jljx.1 iJ-iillj 

|1 —^ e + Y (JL»_l]l i JLiil Jj ■ (_yi£, JlA Ja-i-sjl . X ^ |i^ 

4-La j—IL^I ^Jb K —^ |X + X Ji '> "i il X ^tii '^Jl L)tj *JJ \n'7r a 

. \) ji 1) (_>^J ^,, >A Luaj| t jLisjQ 

L C 1^ • 


^Lj-uuJLj 4 tl_4 Jl^ 4jj-^j (JoSLII .OIjj) ~ < j : (8.1) JjJU^ 

ll>^ ^ 1^*- > ^ .~it ^ :ti L)^S[j L)^ oLSjI^SLU 

. AjlILiJI 4,LtS ^ LlJL^ 



1 1 II (j^ Cy^ 3jul^ *1 A JjVj LiJi-Lk ^^_^J_3-t 4 j 
, \ 4 .... it! * llUjl^ ■ -j^ iLoL^j 4ijSli1 4 ^j. \ c- 

LjjSLj ljL^ Lji 1 jj . 4 futfvjuo CjI L)-^ CjL^VI 

4j^_^! Cj^ 4 " '^1 LilLijb ...4 4J“ ^ cjL^j-jjlU 

3j£Ld 4jub .djULl jI ^ L^j. t ^IJjI ^^LJiil 

y'u' ^y^^ t jl^Laj .neutrino oscillations oLjjj 

(_yjj ^Lijt Jj_3t_jj (ji i^"i (jL>o 4 _ii f i 















IjLkjj 4 t ifiiii 1)^ j 1)^ j (_i^ljj 

jl tl (Jj-^ OV Lr^ cjJljJlJjJI (J, 1 t a , i » "i >j ^ 

I Jut (J-4 iJJLLA L>^ - ^ ^ t" ^ A ((t^l>.)) c1jI^^.u^IjLj 

i^jja ijJ^jJl Lot .4ilL^ (jl^ ijj LttjJjLjQ (jl^ 4 JSL)j 

-1~11 ^ ^ 3jl^ L7^ * 4j^ Cjlujuj t4.aju^^'f!l 4.^:»hLjJl 

*JLJ ^ ^ * ^1 Ijj—1^ 4 lLILL^ t4 j '»>lj 

^jjL^ (J^|jL4J ^tl 4 , ^j ti Mill ^jL^l 

^£u CjLtjJj^^^^lll \ I Vn 4jjM4Jutl ^jl .alJl (jl . Ljj^^-^ 

C-ljI£^ jJ 'O (jLi (_y.i^ rtj IjljI^^^^ 1 j1 S*! c. 1 i 1 In'v. 4^i.aj 

L7^ *■.*>*>■.*'^ U~^ ^ 4 i Im 

" ill (jjjLu-iJl t>c oJLljt .^jVl (^1 (J^^JaJl 

l!L 4 £^j|jlj 1 Jutj (jujLduit Piji t> -V 4,ii.<tif? 

jJjuaj *-i^J 4_^^^1 i*_JljVl (_^ SjJjlUl CjLtjJ^pj) j liI [I J C 

ijJLiJt t<L^lj 2|^—A <(_^j^i cit-^o 4_cj-u3^I CjLbLJlSJLI 
^1 ^JLi^ t C ^ ' ...i!11 1^. i9Jut ill 

^Lunjt Ijjt CjL juj <JJLLa 

Jl^^ i(J^\ a (3^^^ V ljUt 4 i A <^“tU (Jj^jdl (jl 

(jj)^" (jt j*!_^ ^ ^ i *« . 4W1^ ^'" juLj t mil ^1 Lxa ^i_x 

.^U>j ...U J.SU 21 (_^^jLj^JJ! (jul^^ 

(j^ (J^j^ ^ (l)"^ * 4J-ji3 tj^^u_uj cIj l_£^i ^ ~nV1 (j^ (j-^ 

:3Lu.^t ^ ^ L7^ ~.‘-^11 (JjdLi!u (jjjL^ (jl (j^L^JLI 

^ ^ ^ s . i g- 1 j 1 ^Liic—J lJI ^ *11 ‘" 4u^'L_iJI t"' 1 ‘* ^ • • *' 1 1^ 1^1^ 4_tj^jJl lZj La ^j j ‘ * 11 

L^lj *"1 JJ-»Ji L^ SjLuail L^i 4J t nyj * + l (jJl (_yJ^"i i j1 

'^11 (j^ I n j tlji.^ '*■ *i‘i 1—<J(j ^ '^) 0 ^<1^ Tl jjljlII 4j j-^T 





4> liJllib .^La-:^Vl JJulII Ijub j-j-Juj ^ *j“ ,* 

<» 

j j^t^n jl ^ iVl ^^ ji i LJ15^^ : 4 aVI 4JJLj 

4_5LlaJI t^j )"i -ir A ^_yA La (1),^^^ (1)^ 5j-j_aJ L ^gy -t-a ‘Big Bsilg 

aJJt - ^ J V 4j1 V| 1 jI^Llj 4jI jj j • “‘j 4lt i^jJI 

^LiSJl) cosmological missing mass 4_^^I <1:1^1 4Jt .m a 

Ijl>. 4-L y i4i^ Cj|j| t ‘ ‘ “'*- 4-^LIal! 4^-dlSLa 

‘ ■ ■■ * * p Q ' ■■"* ^1 Cj^ ^-LLd cjIjl^^ 

. A NJ ^ A 11 d 1"X 11 M 

JJukJtj 4aA-JuiJ ^ ‘ ‘ * Lj^^LIo ^LJl (iaAj>Jl (j\jlj-^ 

CjjL^ Cj\ j a ^ cilllA a '^'^1 “t I jltl JjLJkU Lcjjj 

A . tLa.S.!4 JLae—^ 4joj n'ir a L^jLj L^..!jl Jj ^JU XIa AJ^Jj..m,.a 

4 1 tniLi^o ^ .A ^ . -^jLl '.m LA" ti Li < 1 ^ ^ 4JIi3^ a rr.A 

LiiLlJ^ t4^LcL>>j ^ J * .>*tt L~ iNL^l I "J 1 <=> L Ji a 

43_^£L3 cijLuij (^jji stra.ng0ri0ss ^jl^. La 1 jl >-1 Ijl^ ^j-a 

Mia i CjLjjJl^I ^I L^al in‘(^lj ^jjj.j[L^I CjI jL < h aL 

(4Jjju 4 CjLA-xa-9e^ i *• tij 4 j^j^I 

4i!LaVl ^ji^a 1 Lflj oi aj a i ^ A .>ttl 

i ill" 4iil. aJI aS Tl J-i all (^a . k j J ■•^ 4^ j * ~ » IjlA 4 _ Af,'^ _ a 

4j^^_^ 1 cj^Lc.Ld^l -a ^^J ^ A ^JjL.>o 4_a£^-L^ cjLjijJu^I 

4^ 4^“ ^ ^ A J • i>^ti i*<M ^ i A*".!! 4 I 0 J) rt ^ 4 ^ J J .ij J ... jLLi • 


.U\A ^tl j ^ JL^^ 4 n J a i>ill Cj^Lc-LaJlII 

i^jLaJLl ^ 3JL:>.^1 jIjl. 3^ ^t^^JLlI j-j • **<" i4_tjLaJt CJ^LcLa^l 

,.U . i>^tl * a 03^ ^ 3 jL^jjl i^jJi 1-4^-^ J~^ 

t*’i'*-i! l1jLc.^_iA3j^ 43ja aA~> 





*11^1 


UJL}J^^ ^ jj) tj-^->- icljlj^_Jlj Cj 1 S — 0 ^l^^-iJl 

4j^^ ^LiLjJI cj^'L^Ld^l LiUjJ Ljljj^ . jL^ljJI t^^Lfcuj 1C 

: Ijl^ 4.djjL±^_^ 

Tl'*' + p ^ Tl'*' + k'*' + n , 
k'*' + p ^ K"*" + Ti'*' + n , 

Tl"*” + p —^ K^ + K^ + n 

i > *_4—^ <J U>aI -»_ aj ^ *'t 3^^^Lij4 t“il ^ ^ lLILLa 

cjM-cL3JiJI ^tx^l ^ A j^ j ...jUI 'i 4jj^1 

CiLj^ftCJi fiJJt <Li-ud^^ tTiV t»j (jl JuLj Ljljq CLij. Jl^j . 4 3 j a li^li 

4la tjjSu t4jjj-^SJI 4j-3t-uJlj JjLjJlj 4 —jIjJJI Sj^i-Uo (lijMiJi 

d ^■■. jUl 4j^uUI 4 t.hiii :»> 4^^ (jjA 

^jufc tla_d_>Jl JJlX, ((4 * <*i» 

i j<1 "! 1 ^■ ij 4 j| VJ t4JuJL^Jl clljIjSLJI 4 j^J^ 4 j t j jU 3jj i/^> a^n*tma 

t^\ (_yJl tJj*^ d^. " ti CjLjL^I 4_^l£LaJ 

* d I I tl i__£_u I I f t ^ I vlsd 


|4J 4_J_^^^_3^1 (JjI 4 ~<il (j-4 JJLC 

L^ Jl^ 1 Jl-lAju j-Al^I d / ^ .>>*11 a1 Jf 11 j •"• • "tI’ti j .111 

<((_^j._ilklll c-dUl (JjLoj)) 4]!i—dVl JL^t . 4 j a 4 '^Tl >1^3 aI a a 


.4j^\ cj!>Lc.Li:JI ^ 4^1j 4^jlj n ^j2\ isotopic spin symmetry 

CjtjJuLlja)) jf 4 'y d i ^ CjUj^jJ-^JI ^4 -yj (jl llA dj—4D (jCjtt j 

^j_u^ i_^ N. t« f 1 ■>»/* t /1 ^ iisotopic multipls-ts <(4 j^).jA^ 





4tjr-jljk£. 1 4j ^ 4j ac “v CjLjjj^L^Ij (_kil <LjIL)1^S[J1 jIjl^^I 

L^J 03^ (Ifuua JJjCLq ^Lua^l (j ] SjLiVI j^j 

^ .^.1 Ml ^JM ■^"tl 1 ^11 jg" 11 4 _&jq Jl>. i<l1iSD1 (JuiAj 

<LuLj (j 3 ^ (p,n) Ijl£L^j aj...jUli* 

Ijl^V ^ j *“ > 3 _ ^ ^ A ^ 3 J oj_S:j (tc'*', 71^, 71") 3 

Cjlj 3 jJub t"tl • ^ y'A a j ... /ti t LiS[A 3 tic 4_^1 -Ij (IC^ , K^) 3 

JjAjA f^ya lJlUI ^.Qj^'il . ..Ij 4^iAj (-IJLIa jjl (jVI ^-Jalu • I 

LJLc 4 J l )3 jy t<i~C Ti (JmJu I <v ^T n 3 p a ^ ^ 5 'v. 

4^L4J CjljJlALqiJ 4 H II /TL Llt*V A 3 * 3 ^ ' (2A->3^^ 4i^ (J-U^ 

flC* 4^3 jJ 4^^ 03^ ^ L^l-^ Cy* LT^l *. ‘ lO J^ ^' lJiUI 

4-1a t>iVt oi j.i-^atl t 4-i^j>.,a.~,till! ^^L 2 JLl uIjL^M-aj 3 1 Till 

L 4 J 3 JU J-M (jl l^X 4J (JL!^I * 4 ija,.4 CjI JJUlU 

'■> 111A • H t i ‘^^3 * I j ■■ 1 1 ^t/** 1 ■* 1 1 11 ^ I ^ 11A 

7i' + p-^A + K® , TT^ + p—>A + K'*’, 


0 „0 


7t' + n A + , 7C^ + n A + K'*'. 


» 4j CjLjLa^lj i 4"! ua <—^1 C}L±A^ t Laj) of 

V 3 o i"i (^^->.1 4 jl~Loj MitH (jj-iJI CjI j m“ III tJjl3t 

t~' ^ tuiiJj ^ tL^XLI t^lj j.^ clijlX L^l ^ 3 ! 103 t4j3^1 r' 1 A^ilt 

IJLA 3 tSU(3) 4 jhl o Jjl ^JlA .<JL ^0 a 3j3_i^j 1jl.j.. 3_4 Li.jj_dj \jtj\ i‘L£:Lj 

SM ^ 

4-^1 0 “itl aJJt y“) •4_^ LIa ^ 1 V ^\ j '^Ljj 

CjI 03^^ CjIjJjCjs \jLA 4^1libA lJlI CjIJ- lt "!a 

(jUa 4^l3 4.^L4-Iil c^lX tjji 3 •(^ 3 £ 3^^3 li jjulII C/lxj^ jjulILo 
jjj ‘ - “ * 4lriS[JI (J-uAj tLiU j 4 aLiI3VL) I L^ l) 3^J ‘" ■"*' J ... '■fc-Tl 





1C jujLuD 4^Lijj (1C <^IJjj <uj_^-i-iJI (jJliiJLI 

JJUlII jj-u-dJj c-iUI L^J 1^ t 1 T) I ny 

CjUjjJlA ((JiiJLlj - ^1 ^ 1 «L^Lqj olj 5 jlj^^ SLJ(3) 4^LIj Lt^ 

j* 'H*VI dimensions jLuI cj) j cjI^juLLo \jua 
SU(3) cjI^juu^ i^La .u \\^. 27 ( 10 ( 8 (JiLo ‘.SU(3) 4jljLa-i L^j 

^ (1)^^ tCjVL>J1 J L7^ I ^ ^ ^ i~i I n jt 

.^JliJlC ^ji V ^1 ^ 4^1j SU(3) 4^1jL4-i 

4*t i >J j^jJl (J~ig"ij SU(3) 4,^1 ^ iiij—i-^-Jl (j! 

LftJuu oIjJucLoj SU(3) CjIj ^ I II . 4 .clJjIjSLli 4 j Lt^ 

i.i 'w! (jl 1 Tc ‘^^3 ^ I (4_4jljJl 4»_JjVl cjVjI ^ *jj *3 

) JlA i^a cIjIjJulXq ^ I It dj^juAi ^oo-JfeaJI 4JSL4J V oLjjjJL^I 

. La 1^ Lua-dLu ^IxllLj J^LfuJ ljuj& (Jj^^ 1 ^ n.A j 7* 4 *. j^i 

4_i^LiJl L^L_ul L^ 4^ I il^tl (jl Lt^ l),^^ ((_^a ilt) s.j— qU 

ji 

("il J ,'^[ ^ 4_L.J .... n d ^ *“ ^1 jl"! Vi ^ 

4_pMj (juiLi-ul CjLjijJl^ 4_jjC.^^^I 4 ji > TI uS-^ i-dj j • SU(3) 

■ Ml all CjI jij "1 III Jjljf (_7^ j^-S-sc-jj uIjIjlj f^\ iSU(3) 

CjLj *^Lj (4 -»■ i>>lj 4 j .. ,.'^\ ^oSJI 1C jaLu-a (j1 ^cAjJLj 

uLIIjlu^ lIjLjjJl^I ur\ "1 \ C*jr » t u SU(3) A-^LoJ 

L a 1- ^ CjLCjI^CJ (1 L‘ ^ ") Olj ‘"*1 * j n * f^jja L^l 

Mi *^11 J ^ Ml " 1 1 ^ J '1 ((Ldjlj-C» 4 4 iK LiJ^ -fr-J Kil^ 

up _4-u<i ^^LiiJI cjL£jlj.SLt1 (3!^^ .^jLi^aJLI ^j ... 


4 ... ^ * 43-11 iSj (j* .‘'j) strange ((t_-*j^^_c,)) j down 

3 _ 43 J (jJ-1 CjLj_ 4—ui-lJ 1 43 ^ lL 313_^^L! 4_i_uuJlj 4^4jj—g. 

. s 3 d j u (_yl£- cjICjI^CJI 





L^jl t>* cjLSjI^SLII ^_yjl cr^ 

L^^I:>>^ L^IjLi^jI ^Jl2j (jl Juu L^-lx <" ti t i 1 CjLaLc.J 

‘ cZjI^jI^^I CxjI£^ 4 uiiflLj . I cUjL^judl^^i 

La ^ ^^> Laj . iti j ■ j j5-w 

|_^I ) * 4 > 4_i_a^Ij ^CjUI I CjL£j1^SLJI (jI 4_2Li__d_>J I j .(jOj-LilJI 


i ^"il ^ ,^ \ - t"*l ^ j . .^ 4jijjL^iJi 4 _j_uLluI Cjljj)^4^ 

I Ju j 3 j_ujL^ j.^]^ ^ L^f . <L4 ^lL_uJ 1 -^"tl ^1^? 4_%.jiJd1jJ1 






4gi«lil} «^Ul^W 

' • • 

Loljj ^LilLA u-flLl!i^l ^ju) (,^1^ ^jVl oL^jl^SJI i... ■i.Stf. 1 

bottom charm ((^>JiL3). oLSjl^iU (L^ j^ j At . ^ j yc. 

aJJb Jijl . t J b J C i_flju__>JLj t-fc^j-JUl 1_^ j _itOp «4_a-_^)>j 

^ ■.. jUl ’,» A^ ^Ctl ^L»JLI (^u . I i 4j^J^ 4 *1 a, i 4 La-djJ ol-^ CjL^jI^SLII 

ji]\ the electroweak unification theory cJij_t_iAJl (^j>Ul JL^lj 
jLAj LdjIjSLJI L-sl i4^jjL/1«■ II (jj-SJl oLxul^ 

aj. -x-Il—a ^ JL-j-STLj dJLC ^^j-A Ijl^Ij 4J^ j 

jIj jj■ J ^ L-dUuI^I fHtll lLUj JlJU .Liiljbl 

jJjVj ^j-4 ‘Lr* J A J A -w. ^ I 1 A * « 1 A , . .. itl 1 (J^Vl 4 L^^Ll^l 
. 51 Ma jl_^Lj (Jij «^L3)> llIjI^SJI nj-^j-sLjuaJ 

<4-^i a ^j Oj^jLAi t 5 <■> ((4..a^)) LiJjlj^t » 4t .^rXi " . ..tj 

.(jJjl^SLlJ flavors «oL^SL))) ■■ — (JLaj La^ — j\ tiiJjl^SLU ^~ - ■■ (JJLu^ 

4jMj ^jJLU LiJjlj^ 4 ^*v*t (Jj-5j 4j1 Jl^ 4.^^-^ ^jSLI 






4i^£J| A subspecies CjLaj^ CjLx-jJj 

L^l^.j(^l^ JJl^b^ L>^ y J^J .lJlUIj JJulJIj 4-1%-uiJlj 

(^jLjlII |»l JL3e.j_uV1 ^Lljcj (2)^^ id j 1 . ..S?l 4.JJ tx <t! j < - 

CiL^^ A‘\ ^ I ^IjJLlI I I .".l-q ij ^Lo-L^I 

(_p»j-_iJI t^jJj 1^1 *^jl^t »1 ^ <<iLj cjLftj^Jil o-c—i-uj iudjl^SLIl 

‘ ^ ^ II i i,44 -iLs.^^ d j ... "tl 3 j j ‘" 

^1 ti-ii^l^^-^ cljL^^Lt d jt\ "tl d w. ql iM d t^l ... I \ <^j^_2eJL) 

t(j 1 (J^ ^jJLiJ 11 jLua^ ^ '"'t'J ^ ‘ “"^ * (J^ i aj ^ia 

Lijlj^_j^j_L_d cj1_^jI^S[JI . i ^ 1 " ia LjL^ 36 llILLi^ 03 ^ llUjuj 

y ut c CjUj)" >jT ^ 1 ^ 4^ t (il dVi 5j 4 a m * 1/2 (^^Luu I ^ a! 

« j ^jLujo oUj" uT 

4.il.‘JB■I.W . 4 jjulu^ AjlJj^ cHjLblLjLu 3.4 .>iJ 

U ^">1 4 Q ~ 2/3 Liljl^^^Ut *1 J' - 4_i.4.^uJLi 4 f.nr \T 4 j.4^U 

llIjI^^i ^ ^d .... »ti ij .b ^ s ^ d t*"*! ^ ^ i.. '^u Q~ ~ 1/3 it ( c j 

Q — - 2/3 : ^ LjoL^u cjIjI—cuVI (jjiSLtj ^3jL-uaJL1 cjI—^jI^SUI^ 3jI _ u^\ 

.b j S ^ d djL^uaJLl t-"A 4 t Q = 1/3 it j C j U <" 4 ! j ... '^U 

^j3tl ^jjt .B = ~ 1/3 4j _uJl CjI i ^i*^! JJlaJI tfJULlj 

I j] 3:1 .1 .ti) . o^ i> 1 jQ ^1 3^ j Tr <0 <.Zi i u jT I ^ tl j Jlj>> 4j^ t \I 
i" 4 l'ij^"XlVl 3 ^j cjL£j 1 _^SLJ 1 3 ^ t ^.".."iCI jl£ down ncu^^n liJjIjSLJI 

(jjjLSj (_^jJI the stundsrd j 3TI ^ 1 1 ^j ^ji 

< I ( I'lJi fclc 4 jU 3 4^1 nu^i JuLc CjI i'> 01 4 J 4 1 1II (IL 

il^ie^lj t^jL>. (^jJI t ijlii.Vl { a .1-4 ljub L>^ *3 ^ JJLiJl 

lIjLjL_i_^ ^ ^ 4jI 4 41.1 .tl 4_>» *4 itl d i*- j * 4 l_^j.j>. «:1_>. 4_iSLIj 

. 3^ uJLP^^ ^jJlJLI 4 't-r Mill jl Jl^I jtirf^l L^i i*>- Ml 




uSjl95Jl^l6j^lO0 


^ 4j^ Ijlj! ^ V lIjL^jI^^I 

^ j ^ J~^ ^ ‘^^JJ 4_Aij^_jLO LLlLut» <"f 1 ii jl 4jt i^In r. 4^Ju 

^^j-Jil\ eiijl^l LI.? Vj ,U^\j^\jVj jujl^ 

*=* t4_^^Ll,1 (J ^ t (jl'j" - ■■ :a ^lj^^-jji-1^ 

Ijl^ 4jLjJal^^ILa (Jl^^ V L^l ^j.x L^ 

^jji 1^j"i^ (J^ <-ijlIi .(jj<Ljill t-dJ!i 

. 4 t i uLLa 4 _£Jlj ^ Cy*^ *" -' ^-^Vl ^^L_lJi CjL^^I^^I (3^ 

L^i : ■» A j i ^ T i *S 'j lLIjI^^I <“il J . .. -^ (8.1) JjjL-^l 

jiiV r.VI jj? 1 ^ <1 j i(J^L^ jj^ 4_^j_4ill 

(1 4 0) J CjLSjIj-SLU (0 , 1/3) ‘L^H (4-^j) ~i ,> j t4.^^jjl_^l) 

j ^ i A 4 ^ljL.>iJ 3jJ^Llll Sol (^li Cj\ hi ,'^,11 < oLjj)"i i. jit 

sZjLjj.jjL-^Ij 4—,^,SJI 4..Lar—4.1,,]I j1jl-^I t^JuSLll fj.*i.Ai 1—^ ol 

. 4.j-u^5L^<q cl) Lj lytU Ij) 

cl)I j^^jJ_>iJI ■ ..^tl 4^ 4^jJ l>J 1 4^‘/ti ii^Jur") lIIJ 

(J^ L 4 L 4 -) t4_st.jua1^1 L^Lo-x^j 43 JlA . gluOtlS 

4_^L43 i ^JL^ ^ . Ijul _j ^ ^ '4 :a w. tl ■ ^ 1 '*■ ~ 11 

a irfn 4 (djul^e-d) ^jl tj aj (4ijSL)l 4 4jJr. frl-^nf I 

Y Uj'j ^^^ 4 1 tlj j_^Jl! 1 jJjJi > 4 j^_ 5JI t~y\4 ^ I A tl ^ t 
Z j W j \V”*' CjLjjijij.^1 4 -j_jl1j |^jJl_^ 44 j < ti jlnl < t >oj^ Cj^ l-X.LilJI 

^_^L>.| g3.UgC (d^ljL^) diljjij^ CjIj ^^ j^ ji ‘4 A j* .>.TI c1j^iLc.L^111 

i ^~i- ^ j ... -w . 12 = 4- + 8 ^ ^^ L^jJ 1_4 ^l__4_^l ^ o~^3 ((—^1 

W+ J W L^ 4 Z *“*' 034 ^.^! 4_-i^L^I _ lAXI 

^jjjI _i_SJl Cjljjj^ 4_-aJ L_a ( 8 . 2 ) Jjj -^1 ^<uiaj . 4 ’rn- m . j 1—4-4 

.gauge bosons (s^LJi) 



uJI^S 


^ ^ ^ ^ i*Zj\j^i 1^ (ji^^ : (3j-)LaXtj ^Lt^t p : (8.2) Jj 

[3a^L»w4) 4JjbLL4j 


1 

1 

y 

1 1 

1 

1 g 

1 

"— ~ 

w^, w 

z 

0 

i 

i 

0 

1 ■ 

1 80 GeV ! 

' ! 

1 91 GeV 


i«■ 4 _j_l^ 1—djU^^^LoU LI!L4 -jL^ -1 

tjlj J^jj Li-iSLl t (jjj,^ ^ ^ (jj)"^“*4 i tt-djl^ 

CjI_4-1-l^lJ>- ‘ ~ ^ **J~ .' J' ^J cIjl£ji^£lLI JL>.^ t^l^l 

(jJLijb i(_^jL^jlII ^jj) 4 i3j-i^LjiJLI i 3 lUj .3^ j44 3jLu&^ l 


Higgs particle ^UU ^o^Lbl 


(j• jlU j^\ I ity 


.U^Sa 


(jr^ I Iju^ c 3.^1 ulUiCj ^ t^^u:> «L3 Jj i ^JijL>i^l^ (JjLdi 

t < aIj ^1 jJaG-I^ .cGuSLd ^_3tLj a .^l aI L^l_>- 

Ijjft ^jSJ . CjI a j j II '^1 (Jl^ jJU-a-A jt ^ a I n 4jj ^j-4 IjjJ 

* Lijb 4^ ■*'«A I p < ■ ti T 1 ‘ t A^ t t ■ ^ a*-A jJ I 

. I 4 I— 4JJ (8.2) J (8.1) LA^J> ^ (_3-^ ^~i A*ii—3JI AJ 

d G j 1 _ A ^lLiI^Ij^ (jt-4^ L^Lj>. 4 ^ JJ LilLub tJ^Vl d 3 j a ^ 

cjU-lx^I 4 ;SLa.U super symmetric partners (jlbUiJl) a^UiJI 

JLdGdJtl CjIjIjuaI ^LJujj i LaI-)^ 

A CjUj-j-JIj UJL^^P j ^ 

dJLA tjl VJ .(2r^ja-^t 4 j >(iLmS/l cjLjjSLil 4 -x-jL^ ^j-a cjUj^jl^JI 

. Cj Lj^^il>.J lZjL^jI^S^ I^jja 4.GJJ.A lZJ L4-J_i_u_>. tC^<jJL^^Jl JjJojJLI ‘ *< *" 3j_^Vl 

cljLdjJ_d ^j.c 3jL^ 4_^j-^l i «"l ^1 -w- 4j^jLll uiUj 

ij! 4>4 (A-cjJL *dJJ j t>£: >L_Lb_3 . composites of composites oL^j_^ 







^IJj ^CjLLl] Cr^ 1 -^Lj>> ' Cj lj^.ai^iJ IJ cIjL^jI^SLII 

LiJljJ^I ^ . ..“j IjljI j ^ I^“i ^ (j 74^ ‘.^I I i")1 L^l Vj t4 J ( riL4^! 

Jj J ^ tl ‘"*t “ ‘ LT^ ^ J Id^') A \ 1 il t ^ 1 Lj4 IjlA . j_ujI_^1 

4Jl^-i-uj Ut «n 1 5 li-^^ d J lul ^1 \ Ajl ." ^ l t CjLjjj^-BJIj 4 B j t 

^LlXl 


^1 jdUf 

... 'wTl I a~ ^ Vi ^* 4jjaL_u ^ ‘^" ul 

^j_a . lIjL4_u_u.>J I ^JlA ‘ ■ ■■ ^ ** ,Jj tpLuIi 4^_ufl^Vt 

l~A a j ... -w l*’iI. 1 ■*-“(, ul ^Lx. (1>^ <.^. \ 'kTI J.iia_dj V 4 J ->.lj 

fundamental SL-j-^L^Vl cjIjjLjJI (>=. ttc. jJl.>JI LajI^ 11.4. -qJLAj 

j3l:u (^1 JL:fJ>iU JLi-aVl * interactions 

JjLju .oLjjjjl^I (J!L4 cjLoJJ^ jjltclUj iJX>ij jl ^ di^Lc.LBj 

. Lj-sc^jG I&JlBUIj . 4j_i_ijLL^Vl dtl^LiJI ^1 lLU j Jju 




^^1^ i4Ja^L>JLl 4_^£LiJI CjIj CjI^^LoJI 4j^-dJI Cjl^Lilll d-^-uiJ 

iCJ (jjo (J^ i a u^) 4.^SL) JSU Jl^I^ JL>. 

jLuajO lLIjI^ (j-4 jl t4_^SLlJl (JjiAj L^ 3jI I^a CjL^jIj^ 

• q + g<^q 4 j^UJ 1 ^Ju^i * 4 ^*vill (j-u^ I ^ ^1 

Luajf d—4—iiij L^1 L!1 I j A ^j_4 Bjl^Ij ^JjI 4 4J *(^7—I 4 J 11 j A I i j^ Bj 

4JL:>^ (_yi£, ^_^l i<(ft(_^ V)) 0 Jju , q + q + g ^ 0 j q + g o q 

(j-Uj/ljJl J^l (jjO JLijjl JLl£, AjI iI^'kV -K tJjJu 





tfJUk . 4 _lirt_Ju Lt^I tJj) “‘J u-fljJoJI 

.Strong coupling constant *“■! 

^ ^ j aI a a S.i .»!t j ■" • I >."( mH ciJjIjSJI oL^£Lj ^ j 4"! <i 

3Jlj>.^ 1 jjLa^t ‘ ■ i-Xtlj ^ I u jULU II tjljjl 5"iU .3 Jl^jJ1 


. 4 I 0 t_a * 


^jL^ cjLjj) lA^ I.i J 3 t “1 ^ “1 ^1 o^L^L-dj \ 

f^j\j 4_i^JL_^ cIjI^^Lj (_)..a_JLj ^ ‘J * ^ ^ cZjI^^Ij^ 4 ^ i^ii i*iVi ol^LJl 

J "i KS i t“iV ^1 ^ "M aJuA ^ LiJJj -l t > u_a^_i_u .CjLjj—^L^I 

^ I.»i,..VI LZjlj^l-33Jt 1 —lIL^- .4^ I ijLj-uVI lIjI^^LlI) 1 hVJ 31 \ 

jLua-4 LiJjl^ jl X ^ ^ * 44J^Lfe-<a CjI t ol j L^Lui Bj^^jJll 

(j-taiitiJI j\ tjj-A'w (j^LualLjol jUu jl i^a l£]jI^^ jf X tiJjl^ O-*^ 0^1-1^ 

4j jl ,■>>,« JjLSua 1.1.:^,a,jjt X . 4jLa 

.Caj-uJI CjI^^ I fjja LlA X ^ iatiT) * (jj) ji"w 4.^SLiJl (JmAj 

A \{ 1 cjL^jI^SJI ^jlc ^ 'J * ^ ^ ciii aK,* 

4jj-uLijj^ 1 ^LjJi oVjLjljo i^jj^ \^\ 4iH ^jttau 

IjLLajKj Cj^LcLaltt IjlA I i'tt IIIij ^1 ^4 t ij ^ .aJub 

ljub d d t;^ al A 4 j^.^| oI^LIJI . 4 J IiiL-iufVl aJub 

d I 4i_tiaj ^ir^t Ajj ,\\a -w, ^j^_ilj__a 4 "i HI Jj—ivj ^jg 4 ^ "n 4^ l^itl ^jl i aj 

JJLC. *N^ ai-dJ J_A 1_AJlj>>I t4jj-dJl d*in 

cjL£j1_^S[J1 jjl^ ‘^d CL5^^ J—^ <^t,l jjLc. 

aJL^ jL^ol ^ I . I JlSLaj IdjLuaJLl 4 j"(‘>‘f li lIjI^jI 4 j “ >■“( 11 

I i^. a ii 4 ^ t i dUsd l A d I ^ 1 L-v1 1 1 4.i£i^L^JL( tZjL-tgSkJI 

d ^Ctl a:-^ .^.Tl JJLC.J Ng JJ-slII (^Ld_j) <1^3 ^ Cr^ I—flj—jLjJl 

4j^^1 O^LtLdjJl jL^l ^Q 




^jIsSJI^ISj^Iqa 


J_ (N +N, + N +N +N + NA 

B ^ ^ u d c s t b'^ 

N^= — (N +N +N)- — (N,+ N +NJ 

4u^LJI ‘"d A ^,..y 1 Ijlc. ~ 

3jLua^ Ail j iLiJjl^ Cj\ 4J < ^ J ‘ ft 4 

A 1 I ciJj 1 J1JL^ I i (J Lill 1 ^Jj_j_uj 1-jJ i lLIJ 1 Cj 1 ^ j t 

4—J ,^£31 jljU-C,Vl 1—'i' ^ * *^u ~ ^’^d ~ ^ Cr^ 0J ~JU .‘ ^ ^ 

j-su I. li ^1 •( N = N =-0 ) n 'll 11 4 j ^jl^SLll 

• ^ SC 

^jl ^Jb I k^. i iC. J J HI n"i tul^ ~ ^ ’ ^Q ~ ^ 

JL_^L1JLj LiUj (1>^ * d jL^lj LiJjlj^j U 0^ 1 J • 4lj 

>,.dA^„4;3 1.4 4 ^L.rulj;SJI jl JLC.VI ji ^ jJl 3 **^^3 dtaa,j «i n 

J|1 (^^I^clJjj JJL^ *)} JdjJLsxJl oUj^-iL^I ^Jji ^JlC. L 

tijlj ^juj—iJbj LiJjl^SJl ^1 4_flLL;aj t,d i'^4j l^J^LllJ 

(Cj-Sbj» n ‘^J 1-4 '"■" ^CJi jIjlc.^1 j j * "" ^1 OJ-^ ' 

Liljlj^t ^tjjl Jj-I-Uj 1-4-1 J_5 ol-ti^jQ lLIjI^^ — Atl . ..^tl ^Ijjl 

1 Cr^ 1 “srj i Ju^Ij (J^ 4j~nf"dtj 4_^jjJI 

. jL<^U .>^1 d 4 Il^SL) iijJjl^^SLlI cjIjljjlud ^j-4 u 

L^l-* 1 '^‘ * ™ t«.dJj JLjuI 1 * 1 n V jIjl^Vi (ji V! 

\1 J \ gf 4il^^l filiJb Lr^J J^^jl ^ TT i!l 

J wl ...Vl A a! ' <■ itl 3^t\ <TI jUdj 1—^ \S ^ <^ “ 11 C^C^I 
iLilljL^ (.dJI^ ^IjLg .J g*i t II4 i^JJLCrj (JjlTr'il i^!l 4 jL!Ij iJljL£:j-uaj.jQ 

— ^^^.gSLtl jjLftJl t a J ■ ..tilt (J^Vl ~ ^jjjlj-dt ‘ ^ * ^1 Lljl^LgL 

L.,.N,= 1.N =2 u' cr^ t(uud) ^jlju (^>^1 (_j-^JLdi g allj 

ia 4 . ( U U d ) j-A Vj. k i\ji luf. *N^ = 0 cillj 





i(U d) >, l i^> — -^I "k.iI K i UJ^ (^gCli JJuJl 

j ^ ^ 71^ (JjL-OJL) £jijj LjoI . ( d U ) j-A 71 t < UJ -J * >l_j. V OJ 

' J ' “ ^ .( U U - d d ) ^4 ^"<11 

d-re^ lLIjI^^ d^ (J^ J-J*"*-* V ^ O^ d-^^*-" OJ^J.‘^ ^ <n‘Jlj 1 ^ A L^ib 

»aJLi tj?jD^i.<^*> 

tliUjjjL^I (j^ 5j j t <^ 4 (j r (8.3) dj^J^ L>^J^ 

JJLC L^ ^gjLSJI CjU^^^LJI . tjJjI lJi^jud^j d^^^ 

.rtj j4/a A\\ A cjl_4-j_Aii_>. l—^J . B = 0 Cjljjd-^^j ‘.B = 1 

.CjLjjid^^ d^~^^ Ct^ ' ^ ‘ 4-u:3L^1 3j 1—uaJLI ^ J ' '•'^ i ^ • ij 

d^ljutll lit 4 I J ufTLj LojLl^ jl i"'h»Vl dj 1 ^ jif C-djjftjJI (j^ ^JL? 

(_yi£. JjSIjJI jjj .(^4jjt-*iJl uiljl^SLJI (J^) 

.udjl^SLIl tJLJ-j-iS^ U.5^ U^ SjJjLC. 4 <il" V A oUjjwLA d* 

t( UUd } 4 _jJ-l1I cIjI j clilj^^LJl 4i<.al iu liJLxA :d^^t dj 

4l~i^11 t ^1*'*-* 

iSj j^^' * a ill jl^cjL d^ Cy^ 1 iti^^jij Jl.2J . j~y >‘) dj'** 

CjIj^UIU j i t^n t~»i ^1 ^ ‘"y^ d^ cZj^>L^1 3~<TI SU(3) j 

4-j.i.alJLj LqLj jU\«tl d^l <t~|j (j^ O^ 4J t4 a ja iiatlj 4 ^ ujULU 

4..3-i_ 2_>J 1J - 1 ~ 1" ^ t~i S iLLaj 4 j^-^I Cj^LcL-o^ 

d^^^ ^jL3^ tjL^ ^ ^^ dL>^ iL)jjL£. 11^x4 L) I njJ Lo^ 11 

d j U ^~1"^ (_j It <! > 1 Ljuj.^ dO-^LLaJl^ 1 ^ 4>j\ i~ r.! d^ (jM * 4 j '^^j) 4 iJI 

dj^"^ SU(3) 4.d^La^l La! .3 JjJl£. aW... Lg^JL^jbi d^^^ 

^ t4_3_i_3.>J1 . S j d ^ U ^^LIlII CjL^jI^SDI d^ CjjLuij La I jj cUaL 

1 La—1-4.^ L 4 JLa.A| d^^-4-i d ^1 U 4Jli^ d^ 4_uj.^4-L3 4.^jJu S lLIjI^^SLII 4^3^ 

. Luj_^-3j Vj d' Ui3^ ^ d^LojJi d^ 




L^jl5SJI^!6j^lOo 


djJjLlXl Cfi OJ ni^tl : (8.3) JjJL^ 



4-iJ_i 

^OJS 

MeV 


4.tJj 

4XS 

MeV 

P 

uud 

938 

71+ 


140 


uds 

1116 

k'^ 


498 


uuu 

1232 

D^ 

c u 

1865 

.^0 

uss 

1315 

^5. 

c~s 

1969 

Q- 

sss 

1672 

J/4" 

c c 

3097 

^c+ 

ude 

2285 


u b 

5279 

..,0 

•^c 

dsc 

2470 

Bs 


5370 

■^b 

udb 

5624 

Y 


9460 


^■■■hiiMfjAai «iif >'ut 

4 I i II jl^l i a g g^ lZjI^LIII ' ^ ■ ^-^j" 

. Q + Y Q : LT^ Q (j^scmlA I .Al**tl Y 

J ^L3—^ ^ _cLj L^l A I* ^ ^ * 1(3 jI_uJI 3 1 4— 

tiAjLj. Q^ Q Y 0 3 Q^ "*" Q Y j Q~ "*" Y Q~ 

pj ... -^11 4 ^ tj. 11 4J.sb.JuJI CjI^^LJJI ^ ^ ^J U3^ S~tt 

4 ji II it Cjtj.jLJjl jJL^U (jjLoJJl C^Ij (j-g ^4 i^1 

L^l VI ' “i Jl" -fl d ^ U j^^SLJI ^_yJJjr (TTi (jV cJlUI 4 j ^ t 

t^^jJi-j.^iJlj ji V *ti (^LjJLj t4£L^jJI conserve 

.4^j.^£Ut 4 Mill t 



















ijj “ S" ij^ 11 "iti j\-3^ i jj i4j^_^l cjI^LIJI lU^Llxij 

^ J ' “ '‘ • Cil^LlJl L^i—i-uj .4 -^£LlII ' L^J CjL^jIj^ ^IjjLj 

cliLj^l^ ^IjjLjj i4.^SLl]l I- 4 J ^IjjLj Luajt (jjJLSj j^JlII 

4j^__aJI CjIjJjL^! * 4jj W d ^ ; 11 a i L_^ ^J_=C_■ » -A 

jjuJlj cjI^jI^SIU a^SLUI conserve JiA 

jiU 1^1 . mJLI ‘*j“ ‘ ^^^LIlII f^jji w *.^~.‘ ‘^' 




t M Jd'ut 

a ^ ^ • ._X tl ^jLj_fti,|j ^j-ol j ail diLjjj^ ^^J * Cj1j3L^I ^^jLuj 

cjLjj) j ji jrijj'i ^ tJjli»~M . Zj W j NV*" 

oljjLa!l]l iij 4.2 j^^.1£i]I ^jjiiJUj ^^jse-uuo 

4__>.^ Lr^ ~*~_CliU^^-j-j—oU I j d)L£j I^^LU 4_i_i.dL!Lj 4—^SLLLI aUkal ^ 

i^LItx U l£^jl^ tj! ^ ft J 4jl . Ijl-& 4ji* j La ^jLAjVl ^ ^ 1 

Ijjjj-jSJJ ^jlj id d l£jl^^ tU l£ji^ ^ UJJ^ 

oLaj-u^j) jiTl (jl ^jb 4 j, -wU -iljJl . Ijl^Laj i Ljj[^ “<S[II 

.4_^SLi]l ^J^la i L^ oLajjUjJjj-^ ^IjjLj Z ^JL> " * J*** ** J 

djL^jl^-^ ^IjjLj lIjLajJj^j j 1 Ti "t rt") . W JL^Jl ^j-A ' ^ 

tjl^rLfi" L^i . 4-Ir>44 1^ Mil 1 JJL^~^ ^ JlA j 14.^^Ll]I ^ A^ ^ 


IJLAAJ 


■Vi 


Ij (J J-a- /M fl 


I A. i ^ I l^LL 


i rlo‘J 


^J ‘ ji J > ^ 1 JJ I ^A 


W oljjL^ (jf (_j-A i i ^ 1 ^ 4 1 fj^l_i_2Jl cjLjjj^ du-^ (1>^ 

• (jr^^l j-stiil d)_^ 



SJ^l CM* 


^ ‘^“'J “ -^Vl a. V 4». " ... 1 <L^1J) LLa 

W ^ u + d J_cLdJjl (J 4*1 i~ij iJLill (Jj_j_ui _l^. cj^L-c. 1 d~il!j 

. 1 jSuftj i W u + d j d + ^ u j u + ^ d 




Ju L_^! ^ 


i^j 1 (_) 




3L_IlLI a \ 


O J ^ 


il oL 




tiZjL^jl^SLlI 4_^£Lljl 3j_jJLL^ CjVL-d^l JlI^ ^- 6 -^ IJ ^ La^ i jj."j ^ ^ I 

. tlj U J j JL 4 J I ^ J 

t_ < j "w djjl^l cjI^LIL!! ^jjLS-jJI cajI^ 4 ^ ‘ ~ *" 

li*\ Aj ^ ^ It 4 ^jLdJxJI lid 1 jIJL^I 

J^ • ' JUjL-JO ^ t 4--Iij JL^*JI ^ ^ 4 4-J-laJLJI CjIjI '^ “ *V1 JL->> I 

^jjl rt "ill (jl . (—IJ ^ lu uL^l ia 4 ^ ^j_j^LJjJl 

^Jl-fla-jl Llji.Jt_ 4 ,j| V] t 3 JlJLI 1 f^yULU cJlJI.-L^lj f^.tM 

Ol^LLs JulC: ^ '•• ' (j * ^ jJLUs] I W 

«Li 3 ^ ol^L^j ^1 • 4^1^ ^ '•**« LL^ .'^ a ^'i a 4^LL3» ^ ^'i A 

L 4 ^ 1 1 Jl^ t**I. t-i -1 . da i* ^juiLi^i lZjLjjij^^^ I JL%. 4^1jlJI 

J^^ ^^ ' 4.ji^jkju^I \ J.aT 1 CjLj^j^ (^- 1 . 1.01 

jl 4 ^} (^\ jj > H CjLdLd^ d .>. ^ ^ i iS CjL^L^ JlI^ j 

.^Ld^VI CjLl^ 


^ ^ ‘ ^ ^ ^ ‘ ^ ( • 1 1 - A ^ ^ 11 » T1 

i^jM ^ J ^ cIj ^^J ^ Cj ^ * J ^ ^ ^ ^ ^ 

lZj Ljj._i1^ 1 43 : 4_j uj ^ i L_li t ^ ^ ^ j ^ J .L 4 ^ 3^^ 1 a-^ ^ 

^ I. >. . Ut 1 i • ^jij- d ^ ^ cjI^^LjJJ jl.j.^_^ oI^^LJIL! 



»l^JI 1^1^ 


.fiLojjLj-iaJ 1 cIjIjJLjU (^V , Z , \V ) <^jjuJd 

collective iaJLLj CjI£j 1^J^ 1-^ eljJLst^ Lljl 4^lii 

^ 4 (_u 4-1 (_J^__aJ 1 I .L 11 ^ I ... 11^ ^ 1 <» 11 

t4J (—V (JjLiJLii L^1 . Liiajl CjLj^ZLi^iil 


Lj ' ^ t ^ ^ft-u-u-rv 

i~\{\j j'^j iLiij—4 j1_^ "" ^ \_^ SjIj| j— 

(J^ Mi“i Cj\ o j (II '^ll aJJb ^jl jj-A CjLjjjJlA^ CjU^a Jlj 

CjL^J^ Cr^J . 4_bj^j-JLl,l 4^j-iJ1 (jjJ t" J a j ... -^ H 

.OjLjlI) l^j 


^jjill (^j_SJl ^Ull :(j\^L_u (jjic 4J1 jJl>J1 4jj/11 (_Jl5j 

((quantum chromodynamics, QCD ^1 LSI^Ujj ^^jJS ^ 1 .4-j-^l 

Juul ^^Lj 4^.h ill JjLlL) ^ . 4 n j t tT' , li 4_^j-^^ 

4^1-l]1 L^LjijLcj ^_y^jLj ^4jji!}LjJ 1^ 4 .... L^Lj^^La BjLifuVI 

(3-4—^! ;j“^ ^ ^ 4 j i~l ■« ( 4 j i 1 i, h ~ u-dj_i-ij aj Is > 

jL^j>>l Jl^ .4^Ljl11 4 j * It “ 11 ^Lc^l 4^^4 -uj ^ ^ ^ 'j ■ “ t^iUj (3^ ' 4 t\ '/\t 
Ijl^ ^ ^ ^ 4 (4 J ■_^ T~ 4 Cj1jL.l1^V1 L^‘‘^ t !i g «11 

l$3j i.y-^3 * 3 ^ * ~ * ^ ^ 4 L^Li_u ' ^ i ~ t i Us A ^~\\ eUij 

‘ ‘ ' '■ I ^Lub ( I Ju^ . JUjLjfu (jj^ 1 I ^ 4J 

L^ jL^I 4_L!L^^i! 4^ Us I !i ^ A i ^ ^ i^ 111 f^\ 4_^^ *" ^ 

j_IL>hj 14 j r>>.lj ( L^I lLU j . 4d,^tSL>a j- _» ^ 4 ^^J_9 ^J^ 

4lujjjJI * I* o-N ij, 4“ ... s ^JJ »* (Ih^ JuJulII 

4^j C^-l^ ^ j J m ^‘2 ^ ^ ^ 'j * aJJt (j-4 


4_lll^ (JjLa i^Jua ^^\jSu L^jI JjSJI aJJt ^jL_iiuJ 




SjikJI 


1 **15> Cj~^3 * 1^ j t-St ^ i-^VI jIj oj) “^-j j ^ 4A'~i ^ (^1 4 Ij Ji. i^ll 

^JIL£^ ^^1 a 4i ■l>>VLi t4JjL^I ^ ^ 4Jj^ Lr^l 1 * 

jlI^ ^ 1 ‘^‘N"' ^ 1 aj^iJuL^ 03^ (j^ (J '^* '*■ * 

^ i \\ ilLUj (,7^ SI jUL . 4 l"iSL! i (j-ul .1 a a 4 Ij m^^! 1 ^jatl 

.gravity ^LsiJI V tij^' 
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UJ-^ cl)i A J I n '^Tl 

^Ijj! 1 A oljL-ii^ IjL^ 4Xixua .1^! 

ciiljljLc ^judj jl idctcctors oLbLJLSJll 

I jj 4 . J ■ j , i .,.i „-v L^t-J i ^ J ?T uU jf 

CjIj tf * < ti <0 CjI 4 j t II ^li cJl^ 

Cjlj “‘^ J C^jL^ Ijjj iSjjLje^ 

4.1^ 11 Tr"tj , Ljj^-^ SjjL-Se-a 5^jL-3e^ jl a £■? 

CjLjj^ "^IV! — i ^lA A) ut A 4_i_£.jJ3 

y ' jli I C.Lj — j fU^ 


(_} 


^LjlII l- 4-^ 3^m d tT'^'.'i A 

tCjljjjj_^1j ^ j L(jl j '*<! .oj^^^LlIj 

^l_£. idj. j i-^ j1jlx.Lj I ^ • J 

*4^1^! 4^% 

*■^1 :sll ^1 ^c-jJaJjj tt^l I mVl dJLJb JSJ *^Ijl£Laj 
^Sj 6 L^>-^—cr^ —“dJ a j H I '^ iJl 


Lj ULc ‘ ^ L^l 

e-f^yjZi 4_4-JS >‘'i.t V 


^<^1 >1* aVI __1 t 







iCjI oji II '^Tl tt^ j A* aI <^Iv,^j JlII i ') 

^1 j>l lLUj jJb\ l^-o OjJLalj . 4_^jl Aj^Joj 0L_iIujO Ci i a jl i4-!ijJL^ .>^ 

.quantum fields ^1 cjVL« 

cIjVL^ CjI j CjVL>iJLIj t~tl ■ ,..^tl j j“*~ (4 -j£Li_i_u^1SL! 1 4_i^LiJl 

. 4 jiaj 4i^.>J (J.^^ Jl 1£. .a-V ‘T.A a pj m "w ^L-£ . 4^1 4ij"i >a 


(_^_LajJi j j t~i 11 j ,^2>^jJl t-iUj >JJU 4jfl 1^ 4 ! n,lll l-SJL^Ij 

(JL:^! i—Sj-jiJ iJjLSJLI . L^j 5! 1 ^" 11 5j_iJI TT--a 

^ISJLI jI J~<ql 5^ 4 ~mi ^ * JJl.>iJ 4 J4^ 4ju (|) (x, y, Z, t) ( nM^I 

(J^ Lr^ ^ .S^ 'Ji di L-flJi^lj . 4J^ 

4jLd ijjlSLlI tUdiT 3^ 4 “i < M a 4^L^ V (.iJLl^ IjJ^j . SpaCC (j^ 

^M-Iexll CjLj^jJ jI (4.jSl^lijjJI CjIj-jJ^I ^ j V L4.>a JjJl^I 

<_4^Li3 cLi'^jLjt-w 4_^3<lje-4 \<i ^LljjlJI .degrees of freedom (4jyj>J\) 

4j<<« jULUmj <JljVL^>iJli 4-l4j Jj^.l^L4 c1jVjLjL 4 J!l4 t4.i_ujLl4 4^^^ 

^L>. :CjVL^1^ CjI 4 jtM^II ijjz (. 7 !^ 4j^j4lJjjJi 4^j)t\}U 

. B j E ^1 ^Lus^L 5‘ij'*. .".A ...-w LiJLLA .d^ii»jUi i• tl 

(jLifcjVl ^1 ..Jlj X) iVjl Cj)}\-sk^ ^ <"n ' 

4 . ..yl J ^ ^ (j.^^ ^ (CllLA-^-ui.^ (J.4 4_AJ tv> f 1 Ijj^ ^J-4 ^ 4 J ^ J C 

^Vjlj ^^_ljjlI] 1 ^jSfc.4J .CJI 4 jfji Ldj':r~itl 4 *"*' d T~ ^ (jr^ 4-i-L4jLi.uVl 

4-J 4^J '4 AJ Un i 11 4_^1_L3 1 JIL 4 4, 4 ^ 4 CjLj. 4^ 4_l_4_ul-i.uVl CjI^ 

4jl4t' i4i.4^ ^ lLUj f-y^ (4^1y]| 

operators (^Jj lLI^ ^“11 4 ^ d**• “ * 4_LjaSl^l 

(J j ^4 ^ LbLlI^ji lijI^JJ,! ^jla ^ 4 -^j^ tilde 3 jl 1 ! 1 j L^ 

‘ *'•**< 4-^LLaJI ^ ~ LillJjb lLUjL^ Ct^ ^ 4 " *~ V 



(ttSJI CfUbw 


1 ^ ^iJ I 4jKij I \1 4^Ljj^ ^ 

<LJjLj^ 1 oLiH^'i-iJl IjLA (JSU (jjiLj_oVl . (4.19) 

JL^V lLI^^^cJIJI 4-J-4^ o! J tLii^^fcJlII CjtjjJ_4 

Cj\ flj I n '^11 i^j gt-y- Ldj->tJ 4 J-<u^J ^ cIjI 4J < m '^11 

4_u^^l^l dJo^jJl 4^jlul]t ^j^Ij.jl)1 <0 ^^^■u.'v i^V <j.i.yjJL) 


[ p j = [y, p j = [2, p j = iti 


(9.1) 


X^ I- 7 yj L 7 

4 J, 4^~i 4^ ^a 4 t ,a 4 ^jL^1 cIjL^^IjlII aJ^ 

• 4 j ^ «««■» ^ Lfl < ^ * 1 ^ I ■ ..‘^ <LiC^^ajja 


• >MI • ^14^111^1 

JL.^1 4.-^i..<^5fc.ll 4„.„.i—i,«„<JLj I^S!,.t. .A \ ,.,a a!i SjIoLLc 4^ljlfii-v liJLuft 

(.IjVljb^ L>^ ’ ^ ^ 4_^L>JLI j.U ^JlA . 

4_JIj1jo tZjljJdui iJIJba (_5i^ ^Jj LbjlSilljl ^ — 1 t ii^l^ J V — 

^Ij cjVjLjU ^ cuVU^ . quantization 

J a jl t*! 4 a, 1 rt'i LLA ')} 

: 4 ^l^l 4 .aLJo tail I 4 jjL^n * (|) (X, y, Z, t) Jj'kj 


1 ([) f 3" (]) a^ (|) (t> 1 9, ^ 

0-.T 1-,'7+^T+-,9J+P^“0- 


'2 at2 


ax^ 


ar 


az- 


(9.2) 


(jVI (i.l1Jj JukJ ^ J ^ J' " ^''' P ‘ ‘ ‘ 

t“^ j^LC. 4 J .q ^ 1 a 1 .^.*^1 (9.^) ^jLjm I^J^-uiJ ..^^-J-aljLl 

k.jJ 4^11^1) 4-£L^I <LdL!i^ . JL^JLI 4^L^ a L^f I ^ *'< 

iCjL>.^LL3-u3VI 4^^ Ijj->-t,l c^Ij 








.Hamiltonian density ajjt 

^~11 <i j "11 ^ ^ ^ fti^ct cjL^Lxj.^ 


.(JL^I 14^U^j 


4i!l^ l£[^LijJ (,^1 t4j it•• (,^1^ * JuLli 

j_yA (9.2) ^jLtJLI ^^.IdLLi L^ . V (x, y, z) - ^ ^ LiJ^-a-~ a m j s'^j ^ ^>.n-"w 


^Px =_ ^ ^^Py = ^ , ^ ; p = m^ 

3x 3y 3z dt 

itjl^ji’ilj^L^I jl ^UaJI (9.3) jJoLu Loj 


H=_l_ (p2 + p2 +p2 ) + V 
2m y z 

^^^.IbLjja LiJj.^0 4-1^4.^ ‘^^^ ^yljj Z iy iX z~ j 1* A ^^tjt ciJLLA 

4_i4 4_jyUJl » lIj1j-J_Jl1j4 j i h t t (9,3) 4 _JjLaI, 1 . P ip ip 
• ^ •-• «zyx 

JSJ JJUL^ 4 (x, y, z, t) (>ojJI ^A aj.djOLA 

Ld[^^o 4 _l 4$ ^jt ^jLaIjVI .Vm . 4l^iii 


t i ^ 4__li^ ^ cIjL^jjL->.V 4 _jJj 0^1 4_4_J_iiii1 


^_^jJl «liJjJC_lJI 4 J 4 


d(t) 

6j^ — = 7 C (x, y, z, t) i^jJI 4. 




jiLptSLiJl j^\jl}i La ^1j^l ^1 \j^ . ([) (x, y, z, t) jJiLj 

oL_^ ^ V 71 -> 71 (x, y, z) j ([) ^ ^ (x, y, z) 


Cj1jj_^I alL^ (x, y, z) 4jLijuaJl fj] (ia^V jjjJUMJUi ^j£pJ,4 

(JSU'fl ‘.^lj-,iJl Ll-UD^-^ JJLseJlJ 4.^yLc. ^^yJt L^jJj ‘. L^l ju ljjJ-4 

oL^yLc. jjVI 3j£L^I . L^ (_^L>JI (_^L^I (_y3 4Ja5i 



(oUlCiUUo 


11 JuJi^o^ ^ (9* 1) ^^i-t-ll t^ll**l 3jiaLZ<a 4^jLp 

^ .iul^jll djLA ijyi commutators CiL^LUl 

jj.u£^Ijl1I Ijlc. 1 4 "lil" '> A j1 1 ti A A ^ 

(jl t J^j 1 JlA ^JL^ jl (i'irVl ^ i 11 "n (9.1) ^.iL*JLl (jrl^ L-uL^ . [(|) (t), 7C (F )] 
(ji4jL^ Ij1 i~h tlr* ^ ^jt xl-^Sttl cjjL^ ijj 1^ a ^jLi-uj 

t4^c_L^ pLuaAll (jV . L 4 .A L 4 -A 

jjJojII iF t"i TiJj ([([) (f), 7t (r )] j. fii * 

^‘«(^jJI ^3Liil jJjqL£[iJI ^j. F 5U>5 aLi ■t->j **■ t ^ tl ^ A>ir< a ^ ^ 

, < 1 . ..^'1 jJl (9. 1 ) ^^LtJLl (Jju^Vl 1~[) j1 Jl^JLL 4jljLui.a 

ji 

Lft-A-X t^j cj (jIjJJI 4 jK II 4 j 4.^*C!I 4^L^JI 4 j 

\j.,y9ua (jOjJraLiJLI ^Lua.B 1 4 ^ (jVl 

cjL^«J ju ‘71 (r) j (|) (f) ^ i jA i »9l ^^JLJ Ii ft I ^ Ilf* 

|Jj|__ui^ ^J^LjlIlU ' <J 11-> 11 IjLA “-‘I - ^ J ' -I ' »*^l iJj1_lJl!1 

^LLJl j M f" .ciJj^l 4 ^LLU 4 .m.;!Ij eigenvalue ( 5 >^l) 2 ljI jJl 

iLq-AJL-i^j 4J ^~t j ^ t^Jji gill IjlA t(jJj..3e^l 4_j.^j 

IjlA J^-y^ 4 J * aIj 4j^J^ 4 I ...LILj JL^JI 4 ^^Slj ^1 ^ • J 'J Loj 

. LcAjLLdj 4.U 11 j tuiUjJ 4^ j"i 1 ill 

(j^LllI) JjJLpI C7^ ^LtJJ ^ t->j ... t 4^Xj , JLjae^ SJjl 1 4 ; LjIJU JL^ 

^ e U. 

4J.^ ' ^ ^ ‘ 4^ljJI 4 J Stl 4 tl ... A 1 1 Aj . 1 <>>j! 11^ J i ill ^4^ II 

:^_^L^I ^■•*-'^I (_7t^ ^jLUJI 4 

\_A .4^ A ^ lLIj-^O 4_^i^ 4^ ^ 4_illLt3j 5 J J "WJ ^L:>^ iJJLIa ( 1 ) 

^ju^l U^:;! .vacuum state ajL^w jl «^lj-^ 4JL^)> 

.nothingness ji 







iContinuum 511^^ p cd j^\ 4jJI ^<x^l (2) 

p 4^^ix<a udj-jo 4j .5j^Jaje-o CjLaL^VIj ^jL^I ^jl 

*.Ig^LLa 4a^L^ 


E= \l(cp)^ + (mc^)^ 



^^ 4j^_j_ciJLjJt 4_^Uo — LiJ^ '■"-Jl 4 4 _^^<Lc. (la I iXJLj 

jj '> <a L^i ^L>JI ajjt j-LM^Ju (ji ^ (Uti .ni ^ * 1 "^ ^jl_A pj'■■ 

Lo LkjLpX.1 ‘LlUjJ t jjirtj 

^ f 

.4j Ij!ju (^jJl p j^ljLdL 4~il"i^ Ctfnj i^ftSLlI JLu 


i p ~ p^ p2 '>■* 4 ^ .*i,.^ CjIj CliVl >» |3 —^ 41jLc (3) 

1 j * 11 1^ ^2 J E| LliL^liaJl ■ ^ -rw. (E = H| + E 2 4^LJaj 

clj^Law f^A 4ljiLc aJJb ^jl Lo^ P2 J pj 

. P 2 J P] 4^^^^ I gjw, |J1)I j 

^ ^ ^^jja 4 JSL 4 JLI jljL^Vl (J^ CjVla- udLiib . (^} 

LiJj.'TriJl ^jJL^-rwl ^ ^yj ^' 43-dL^^ 4j 4a^L^I 4^j.ao 4_j 4 ^ 

cuLoj-uu^l CjLxL^^I i^jA ^LlaJI 


(_Jiju 3^ (_3-J| ^ ^ 4 j Ul (J1 :^ll 4jjJa_) ^Ji . L_o j i "t r I 

LbLJjLu (_y^l ^4^1 4.JjJ^ IjIju Jl^ * 4 K 0 U LajIjl^-I iCjI o j i ny- 
■ a /^. » A d ^1 JJulII ^j^lt a .* ‘ “ J ‘ " T.‘ 

Quantum ((4 J 4^11 I »lSL^l£lj_^» ^^-t-uL 4-^lajll llUj ^_yj| ^ j mi i Li£.j 

4.d^^i^)) J i ((4 J <i< W JL^l Aj^ikJ)) Jjj a a .particle mechanics 
JLsJ.1 4 j>^ l-hH .quantum field theory «cjVL^I 





(alllC»UlaA 


lLiLa^ A (_yl^ ^ ^ U~ ^\ (jr 4 ^ clll <tj i n'^ 1 

Jljl^jJJ 4JjLd <Li- 4 ^ (jVI ^ '^J . ..'wtl jjuJi *- QU3.nt3. 

dJUjL_C CjVL>JI ol ^ j <11 -^Tl ^1 4_JujfeJ V . 4_L£L4^ d ^ I". 4. A 

(jui^ L 4 J .exactly identical LiU3 i^lIaJLa cul j 

jl>>^ V .^_^L>JI LliliLa zero spin i^j-^ cJlUI L^J i 4 iiiSL!l 

jL 3 i>^ V ULL^ _L»i i~ I nj i4 -t- 45 fc T1 ^ j- 4 .u."^n l£^l^ jl < 0-1 nilLj t4j^ In (J1 

IXLc. ^ * ■" ■ - ^ ^ d:<. i 4i^ d ^ *1 t^-, A I>IjL<UJ 4.U^ 4-l^ 

djj <m (jJ^AJ 1 (j f>>t t 4 iil"iV a Cl)Ljj^Ci£Lt| l^j4 lyj (_ 7 ^l 4^ 

Cjldjiii'^l jIjlc ,1 (JSIj cjVL>. ill (JL^JLl 

L 4 JJ . j-dVl lldLaj • LdLd-) cL^UalLa '"<1 -ij '■■ 14 cl I 

j_yic 4]c ‘i it iU oi^^ISillI 4 niiiJld 4 a I'lifc a CjIIs oLcj^n -v dJuc. t-iJllA 

4i,5fci4 4 jljLcV CjVLx dJLub t4_^lj .Cj'^Lj^I 4.^I"iar..4 ^1^1 5 jl£. 

. LdLcJ djL:>i.lj ^IjjVI jIjlcI ^jc'^J (J^ 111^ i^jja 

j. j c.^ 4_c_^_^ L^f ^ ^ ^j II ^ I ii *11 

i2c_) 4 4_^ lL)Jl_%_) ^ t j- " 4 I LIL^ i L_^| ■ d »^lj 


. dll ^ jJ 1 ^ 1^1 ^ j... 'v- 1 d (.^jLdZuj IjuI )jal cTu^Vi 

i Lc^JL>.I 'U^ '^» "‘ ^ d 




(j 111 xjj (_^^l (9.2) 4^S[j I JLsJLl tjl 4 iij ii'v. ljuft jj ii^aj •j^VI 

i>> 

yL^ Q^SLj 4-1^ ^c 'w (J_i-oL^ * d jU.-^ ^ c£Lll ^l^j) d ill 1 ^ jl^ 

.free field theory ^^1 JL^l U JLI -4 Ijuj>. 1 r^f] 

\ aI i.^ a 1\ 4.a^L^dl d^.b\ill O jL^fcj .cHjI^-jLj d^ Us t 

4-j:wjJlj d>^ ''Sj ^ c ^ ^ (jl Ujb 

CjIj d ’ij -»- .*:. A ol_^ J . .. "^1 4 _IjLc^ d J 2 '“' ( 1)1 

CjIj^J&IJI ^J .(3juL=e^) d I n1 a" i3 CjL 4 -j-i-uj:w d 4L i>*Vlj t4_aij_=e-4 c-dJ 






♦ 3 jl ol Cj 


jw 3jj.us ^ Int") 4 h-y 1^1 4 1 .<^*1 t*ii 11 


I^ j“ H I a (jJ-^ o-*^ U* U.i^ OM ^-U-:^i (jr^J 

L^U-^ J-cJLjLj multifield theory Sjujuc JL^' 

iCjUj)*! ijl — |cJ1jlJI 4-u_uLi-uf L^Lj IV n"i 11 

4ijL^ (^•Idl (j 11*11 yJb ljU& .cijJL^eJ ^ 1 * j Ml 

4 UV i-tl t U1 /^ A . 4 j <1^ II t ti-^Jl 1 il^j a 

o' t Jjl-fl (^! o^ JLtV oL^ I jlj . \ ^ / j 1 

3^^ l3 1 ^ ^ 4_ 1. ^ U \ j 1^3J I d** ‘ * * iSS^ tiub 

cjLstlLia^ :cjL^>>1^1 SlAL :field interactions cdIojIj 

. 4^ < 1 ! 4_iLudL33JI CjV^mi 4^1^-^ 




4 i j H 4 _i- 4^I P J ' ISlj pLkJl ^'^jgjl jLtaVI t niTuteJ V 

4 1 31 ' 3 -^ U' ‘ ^ ^tj . lIj>J t 3^d-t' ' 

dio-lxlL] VjLu jjd '“' (1)3^ 3^^_3JI 0^1^^ ^ ^ i I Jl>- 4 A 4^ljy^^ ^jLIj 

4 3 In" ^ J^Vl (^^-1^ (^j_<_g 4 j^ hill o^ 0-4 4^1 j 4^lj^i 

L^L 4 j t ^i"-^ A J-4V1. pathological Ljai=o-^ 3 j^l o^L^ ij^ p-^ ^ 

,_^yjJl ulUj ^^"i(L^ l^_ji_c. 3jLLiJLl jjLUI jjjux (jl '-dJj .cIjVLj^I 4j_p_Is^ 
Lojjj tL^I j_p-_j_ 3 4 J J. J c. 03 ^ oi 0^^-4J ^ tL j-ALIs ^ j'■ ■■ J L ■" 

4_l.»SL! 1 4j^jdo_i oj ^'dc.j 4 jl'wl^ cliLjua-SLlj (^.Tu o' (J-4-J-^-* 

4-^‘ 'V^ ^ 1 d '-^d I 4^ I JlA . L_ dLLdi ^o J Ijl^ 3Ju.3j4 4_jjJ^ 4j_^j-i-u_1J I 

jj g» 

Jju (^jja 4-^a^Ij CjJL^V . ^L^iJo4 j jju^aJi 4diL j ' '^ «I 

. LaLd d^^^ djL^ 05 ^ 





^ J ^4 1-11 i 7't^ t Li£.j (Cj^4 aJJ^ (—il a--i-l_uil JLJU 

(|)^ Lj^LUja t JL>> lJljl^I . ^■ '■ * 1jlj>. L^I i. rtj )j iLliVL^-oU 

^Loil Jlj>- Ild—Llsl Jl^ 03^ dlj_^ x.jT! ^Jk_^ . (9.2) SNl ♦ ^\\ 

:(9.3) ^jUI ^ j^LUl 


H. , = ?i0' 

int ^ 


(9.4) 


j fi 11 Li£.j . A. c.uIj)) 4jf t MiiLiill Li-^ 

IM ^ 

cjLu.^ L^2L>ij (jr^ ^.jLuJI 

‘ J^jj icljjLJfcJ , d ~ .i. A1 j .a (^jl->Ji 4‘'^ d t> u ljl_ 1 Jju 

^jL-uxa 4j^i^ a jJuuLi (_^LuJ1 (JjjLtliJI 1j|| ^ 

. I—ljL^ aU^j .,. .tl aJut ,J£' LL^ ^*■ ■■ LU£Lj .a^LlJwl 

djLtuuu^l ji ^lo) t>,L:\,rt ^ ^■4-i-*^...a 

tiiJjj i(jU j JjLj oLjjJaLlil 1 ^ rt a 1 

(4. 1 9) ^j^Lae_a 4 _j_ 4-^ <=* aj U. > a ^_j_uajJl jj) U"ill 

4_Lj>i I •" , 4—a jin lI I Jj “'j ** ^ ‘^ * 

^L-iil Ilo. o! ‘^cr^ L^' V i jL^ s->Uh^ cr^ quaiita 

‘ »"■—»tt Ii^I^^jLj 1 V 1^1^ < - gj I -.".^i «^jLaC_) i^JlII 

a \[ Lo-V Ir .i_La-^ ■ *-^"11 a j ^^ — 4 ^|_^| (jj-jLaj ^JuiJI J '*■ a 
^ C.4 jI£^ Jjij i^LLa (^Li <.u.L< ») ^jl aj < u.'>> 

cjLbL^ jlI^ .(jL^jLi- ^jLijlj ^j^i_>.lj (jLijI — Ljj—0 1 “<"< tV> ^i a 

« 

i I jSLaj <LjujI cIjI J CjIjjL^ \ Jnjl 4 ^Lc. 

1JU^ CjJi ^ 4^L^ SjLj^ JLj>Jt ajjL^ " 4 jJjS\^ j ^ CjI 

i~A ^ j ... ^tl JJLC, ^LijV j^^_aJLl o' a iTt 





i^jJl t^l_^4j_i_u-?JI jjLc. V| ijUj Loj . L^L4 -i ^ 1^1 ...A 4^jL^I 

i^j' ‘ “ ^ t j '^Jlj 03^ ' ■'^ * t4.:^jL_^1 JLjlj 4J^ljJI i^] ^ AI"Cj 

<Lj_:^jj SjjulIjO 4 2 j d ^j_4 LcLp IJLA J-jjj ijL^^b 

.(|) JUJLi even polynomial 

ajL^ ^j$u^ phase - space factor JdLjLd 1 ij ^A jLdljVI 

cU_pe_ILi_uja exact 4 ^LiJ1 lIjL)Li_u.>J 1 ' (JLdJLiVl 4 jlj^ ~ ^ j3 ' ".* 


t—^ 5~TI g-j)7-UI • ill ^ 0^3 ^ l >^ 3 ^* ‘ ^ 

perturbation approach (<^1 jU^ ^\ 4jjL2-d» bo 

LlJ£^J^ ^1—J—^ 5* 4 A^>^b-4 

CUjIj ij!3^ 4j_LiJu.uX4!^ ^jlLxo JUIjjI 4jiuuu Jaiu <4ji*wIi^^cMJI 

^CdbJiaVb Xi 4Jb Cji^^ ^JI.ajjVI 4 *■. .1 ' ■■ ^ 

4 • .., Tl X ‘ I - b" ...VI^ t“A^^lTl 4^1jj ^ n 1 <^"11 4_^Lb 


jL>JI' ...ilrn .4_i^1yJI^ ^LbJI L^-Lo (j!^ t -n"*j jjj->J ^ 

2 1 

5j>k cr. a 4_^L_L_.>tl^ jL^lj^ LiJbjb . I Aj ( A< ^bJI V 'sllj I. ^jo (JjVl 
SJlJuJ ^ n " t il...'^tl I^A .\l^"l A ^1 '4 \ . ..L ,.“. 11 L ti . LoLoJ 

iA^jbdj 4jjjLbuli,l (jl it-i-Uj i^j£L ^buaB iSj^ ^-^^ 43 ) 

J1^Jl:>JI V JJUkJ ‘ '1 ■ .< '^.tl (jl i^LiJI ' ■'b" t 

bl ■b :;4 quantitatively SujLlx ^ >" ii 1 o^J .ciJ^SulLl 

(^jVl 4jaW1 JjJ—>JI O^ (jr4^ Ij j • 1 ^ (j1^ "i 4 VI C^b tl)^ 

^ (Jb>Jl aJJt^ . JL^ l-jlJj-2lj JjJ 4j_i_uL_uILjo 

d 1 ^ 1 A ^ y •" , ^[jV. 1 ^ t t 1 A. .. 5 JDJL^ d I . .1 < t-sl < • A ^ A A f CZj^t^LdJ 

^JjjL5e-<a ^^^l J- 2 ejj_ul CjIj tqUantltatlVCly 4 j-oSL 11 4u^bJI (j-a 

. I Jl^ C^b ji3^ 4 . ■ ■■ itU 



loUICiUUu) 


^ ^ (j) j-A Li^jj <1 il j_^SLj_4-u^ 4£LII (JL»Jl! ^ 1 1^\ 

Ljj^.^ n 1 (^^) ^ * “J tji 

•M 

. n - 1 J n + 1 cjlli cjVL^J 4JL>. 

Lo^Lua Ijjl£, ^4-uaj ct^ ^int ^ 

uf 

^1 A 4— ftjjj '*‘j t4_^L.u3] «LjujI jJ^ (j1 

i fi 

CjI^LIJI djuk (Jj-4J jjjj ^Unrjj 1 jl>-1_5 jJjJ ^ 

“^" ^ ^• 1) jJ^ i j^ Cr^ I J 


cj \^LiJl (>a 1^! j J J 4“^ o^Uj . interaction vertex ^LiJI (s^j) o^ij 

(SjjIiJI) j^l^l 5 US’i ljL.jJLj 4_%2ll ‘U^ L>"lP^ 

‘ 'V ^ ^ L)~^ ^ ^ - jj ^ 1 i ti (jr^ . c!lt t JL%.j_uj I 4.-idA^ 

2 —^ 2 fcljVL5^5^ 4a,<-ii.JJlj (9. 1) jSLi (_gjl (lull iiS^iil (jri^ 

.^IjjJI (_yJL. 3 —> 1 J i —^ 3 J 


cr^! j!>^\* tjl (L:H^d3^) ^ J ^^jU*i i II \ V (jL>^lj (jt (_y^Ju 

4^jVI ^jU" ..." >i ^ f^\ J? tcjLjji^.^^ 

. ^L_ifuVl dJLA 4 ^l 4^ — ^l^Jl «:L^ J-^tk" ^1 

j^^SLu jLLaj (J:i-5tJ • 1 —^ 3 ^Jl >V1 4JL>- : JUiil (Jj_j_i_u (jyl^. 

(jf i Ij^ 1^1 < I |4 4 .JX^ LA 5 ^ ^_^ljLuV 1 

.J n 1^11 ^1 L^Lj^I u- ai i^i*! ol \ cjjjjj^ \ ^1! 

4 _^Ijl 1 jV 1 4 ^L^JI (jV .dtkAl -»- a ^ <^L^JI (jl ^1 

^LI^I ^ -n 'j * ij^IjCjjVI ' -■ 4^1^ 

lIj 1__^1 ^.jL .^1 (J-ILc-i V CjI—jLo—*J l tfJLA (ji-^ ljL_^ .i—al—i uat ^jji 

cjL^Lc-jl^ LiJ^..»LjJI 4 ^- 4 ^ ~ 4-^LL^1 ilk. 3 ^ t ^_^.j -4 ^1 (potentialities 

CjVI 4 "i^Vi * ^j^4J (jL^ejLj 4 rt i^'\ ^ • n <J , 4 J i t *4 4.^1 j^i^ 

.virtual (4^jLZi) 4^1^1 cjL4j^^ ^ ^ i>^~" CjVLoIjI 






'('J ^ ‘ A^ U>*-L1 VI A.jl^VI ujUji^—iXl *(^' ^ '" 

^ ^ ‘^J ^ /It A A^ ..A ..A oVLdojl Atiio^ . 


^ (jjj Ml t!l cjLjJj^_ui-£. (JL^JLI *^j-^ 

r.l 4" M.lj . quantum electrodynamics (QED) ^1 ^ 

4 j <iK]\ HI K jtlSia^A f^_yA Ll3_tlji> ISiiji alJjJtji^ )g*C! 111 A_:^LjiJlI 

Jl-^4 U t4jj)„c>- Ml A ^jLo Cji,4.j.<.*i ,'xj 

(^I ^ . A_^Lse^ Cj Lya£^ 4^ j a 4ju!uLj cIjIj^ Liji_^^j.^SJ I 

0^ ^ ^~ ' ^j.^c-ij i E/Jajt ^**>1 ^ j ... ^ lIjVI *» A t“<i">^jl 

^A j_^I^^_iJLj t t-^i->tVl jl-^J - i*<Vl L"_ti ^ ^ i~\\ ^ j ... ^\\ 

s 

I CjLojJjlXI Lt^ t~i^ lUj ^cSLlI 

~ ^OluiurJi^ Cj^'Lx.I^ (J^^ '4j i" A 4.^j CjLj.1. a£' 

‘ ^ .!^Vi Is}J 4^ Lojuo I ^LdJiJI lIuLS^ » O^ "^.li ~ CJJL^"*^^! 

Aj^ujIJ^ 4_Pj iJ^V lU 1 4| \ if. jl (J-ii-^ Oj*^ LaLaJ 4 Tf 

Ijl^ 4;^ ^ "ti o-l-iilj ‘.(jljJLflVl ti^Ua 4 power 5j^ ^^i) 

(Jj4Lj| C (jL^ L^ J t ^ * V^ 5 ■ a IjlJ^ j J_j jL^tj . 4—pj 4jj-t^ (Jjl-^lj 

J * IjljL.^ I in A J a 1 tj 4 CjLc.ltr>3ll < 1 11 

a A ^j£. a ..A (.^jJJ .*ii ti ... 'wti jji VI ♦e^/lic ~ 1/ 137 

cjLjJikiJ ^j J ^ L-^1 cjjlj aK Ml A t J ^ cofactors 



(oUloUUo 


1 ^ ^ I LoJ i (jJaAjii 1J^ ^ ^ 4-1.4^I 

^j3 nj 4_ft:xlj_a ^1 4^LstJ OjL^ 4j !1 ^JU^l 4^^^ {jLj 

J 1 f^jja jLtJ_>- 3 JjJL>> 3i j-w. t“_._. aLaII lLUj 

Sjj-jt-d (_^ infinities cHiL^L^^LIl ^ ^ c, 

<(4jj I tHll 3^L^|» ^ ^ 4.3 j^^ ^!i t V ~< I iiLj 4A^^ ^ ■ ■■< Cjlj.ILaljLj clitj 4^^^.^ 

JjL>Z 4 ^f ^ .11 ljufc jjLu jl 3 .renormalization sjUj)) /\ 

4jtJLj ^_y^J^-3 Cj^^,.4j 1 4juljJt 4 _>JIjl11 .CjI^L^j^LII 

(jj .4jj " 11 J 4^ l^iT1 ij\j ^eJjLlI 3L-3 jV1 jl* ~j ' n j ** 4_ajJI 

j-Jlij 1^j ^LL. fJlLa '^J ,‘^‘'^' 3 jLc.| t^ it 4-^1 _xjudL^1 

1 ^K Ml (J^ t ^ K !j .5, V 3 t a 

Cu-ftjj t j| (j-a oLjjj-siJjVl (4_S]S) 4_aj_4-3t-ja 

i4_d_b|jdl c^LuJl Jlj (jy-1^- 4-aLi-£^ L,.(.iIiHJ| 

Julian ((j.„>u,,3,.» uL^>=^» .Richard Feynman «tjl 4 ^ 4 jjl 

w 

4-cij I 4.^_dl£La V 3"... A 4jtj_laJJI (^jlII .Schwingcf 

l^Lcuj^JI {3>^ .U.uiii ^jJI 4jLj tjl^ lJljl^j Jlo^ . 1.i^Sa* 


U^ Feynman amplitude 41 .«jt - wJLiii'ii?! 

L>^. J1JJl>JI V JJlC j^g ^ Jj.oLv 4 _i^L^ 4jlgf. — L^LA 

j? 

ijjJ\ Feynman diagram pi gij > (,uu;^ ^^ jlj. jj-^ 

(_3JLID - 4 ^j. L t n LlljJug 4JSL1 j j- j ■.. ^" t LgjyLg 

Ll5c _L^jl t ■.Uj U j Vertices ((j-^ij Ijj ^j-jo cjL^ia->JLl 

JLxc. Lfi-^ ^3 *"w. 4->_ijl (.dLub (j1 4_j_^h!^j_4^l 3jj. txiti 

U- IP * ft •" ft 

J_>. Jsa^ (J-^J I Ijlu dli^"ia U ^ 1-^1 • J t.> **■ t i 

^Jj.^ l^jJl ^ 1 ■ ■■ t -jl ■“«^V 1 Jl^ 4.^L4_tJl 4-L4.^Ja3JL1 CjL gj_ui_>J 1 JL^I 

5jJlj-g ji jLJujjl 1 3i^j .propagator ((IjUIj^h (dj-jjLjn 3 ^jj 






^ ^ * JLlC. J->- "i t It a virtU^l tDCSOn / ~i ^1^ ^'0 

4 t i ii ^ t iiVl t4 i '^^J) 4 iil 4-j^l\i!l .,^^^->.1 J ir. ^ J ^ aj 

4jlj1jJI ;_^j I t.,.l r. A Sjjli n iSj" '*'J ^ 

Jlil J -^r “ I iiL) Ju£. 41 a r, ^Llil ^jL a .^IjJi-dVl C.i^L!l1 

1^1—uaj^^ . L^Luj 4->.jj^ f^ill 4-a^^.^ilj 4 j^i ^ a~t jl 4jSja'>^ CjIjj^.^ j Vj 


IjJj t. \ *wl_g uji>-^ ^! ^' (‘j-A (_y^ V . 3. + b —^ c + d 

Ldj-j>ij lIjIj a^! (JjJtitJ (jl tlrV 3 V 4 jL5 

l£Jj->iJ j_yjj-a^ (_yJl^IiJI d i C i b i 3 (-_dj^.^l :CjLjj3^^ 

^jJlxuJ . P^ + P^ ^ P|^ j P^ ^Ui^L-tJl 

‘ Pg + P 5 = Pc+ Pd03^ Jr. J!I 4^4^ 

. E^ + Ej^ = E^+ E^ oj^ o' ^LlaJI 



Oj^ ril Ml “it 4^0JI 4 j^jiJJI ^3^ tji a<j^ IUtr> ^ a : ^ j OC :(^9.2 j 

i_"ilt^t^-^ A 3jl^ hJL^t :b iiOJLiLlI 4^jiJJ1 ‘~4 t-»W^ A LL^i ;Y t4-i-^!a^a-Ul 

L7^) AjyuJJL 





(nSJICiUbu 


CjjLii eL^jjJJ ^9. 1 ) 2 —^ 2 tlalaJt_ a VI JL^jj V 

jjQJi ^La, (J-o^ .Sj-jIjL^ Lia 3 + b —^ c + d v^'j .d j c 

IjJj-oj I a idjL^lj 

(^_^Luij ^1 ^' :^1£LqV1 jJl2j ^l-tj ... \ .U.H I. i 3j^LiJLI n'j ^ d» .., 
OL ^ ^ 3jL^ui-u«V1 4-jjl^ ^1 4 aL^JI ^^ ^ jl_4.^_^VI 

^ (j^_3 ^^LiJl <L:^jjJl \ UU-V a (9.2) (JSLto jl i iijtl £_yl£- 

4aLU (jVI lA (II nLuJ 4 t lull I uj 4jL£ 

idjL^JL^J 4 h‘4 AIIjJI i»JA ^I^ZLiujI JLa1^.l1i! luiiUl ^Ijj ^jL ■ ^ I 

U-^ll f J C tjl Li-uuL 4J ‘ l^j ■ “ ' ^^iiii3~i (iJljkA 

S ^ . 9„, 

^ 3jji) in "n Lfdj^ i a jjV2l4J ((^j j j 1^1 jJI)) 

ja£. b J 3 (jUoitLi^l (jlLjj[^^-^l 1.^1 "j (i) -^i^l ^Jf^ CX JouloiKJLl 

^ii"i~<n ^ if j C (jij^^jLAJ clr^j!^^ i'» " i JI SjjjJl 

IM J 

C J-lj-J LiJLlA li 5j[j jJLj jJjXJ 4_^lSLaj ^ 1^ 31 

.C + f —^ C +d AjLuJLfl 3 + b —^ C + f jj.^l.^." ILt IjL^ ^ J 

il_ajL^ JlA ^ J ^ lIILIA ^jl i^\ i2 —^ 2 JLSJui ^j-£. SjL L r Jjjiixu-lll 

(4_j^jLdiijl cjI—(J j*( <t"il p ^^1.1 -^"...itj . Ljjl^jLi-uI jl^ 

d *»i-Llii** 111 (n) .L7~~^l ^1 I u JII yA (Jrt Li‘>JLI ^ j I'ii.i ^ ^ iuVl (^1—^ 
4jljjV1 V I jl!^^ (^jlJI ^^.^LlJl ^1—^1A jJaLIj 

i4l3-jJLl i>jla (JjLjjJl y^ 11 ...tl it i C ( d I C 

IjlA d "jtt ■■^11 _£ 1 j _^ . f 1 6 1 d 1 3 ij^ j-tl ^J_A IjlA ^-j_A 

(JL_3^VI 4^-a-fu 0 —^ c + d + c + f;0 —^ 4 JLSjjVI (j—« ^LaJLjj (Ju.uL_uIJ1 

jt «^JaJI)) ^_jJI 0 (Sj-^ i3 + b + e + f^0:4—>0 

^cxuj) ^ Lll^ (^LdjLuuil £jV .■■! ■ ..“ll 1 -rt^ . nothing 





(jja J—^ l)~^^ (9.2) (jSw*i (3 .(9.2) jJSLmJI (X 

‘< A~j (1 —> 3 JLSjjVI 3 (i) :(j\i-<-uLuij t I i>ijl j-Aj i4_^li!l 4j^jjJI 
f j e ^ ‘.e + f (^^jlSj ^ 6_a3^ (jr^l ^ 


J IjL^ J AjJ ,d chjlyH ir “l ( 3 ^ 1 jjl s ~ tVI frtJJ b 

J ■ ^ (^^) b + c + f —^ d (iJJj i_^ iix — ^ c + c + f 5 jj 1^ 11 

Y 1. a + c + f —^ c ^ < "j b — ^ d + c + f j—laLij >.^1 

.(!jj 4 j Ju^jj) 4_:wjjJl <1 j 1 Ut"> V a dJt^ Jl>-? (9.2) i~iil 

* f 

,,U>11 fj Ai i^j (^JlII J■ lJu^j |:fcL'y^Vlj 

^ (JiLo-) t l^^-LJ^.| .4j ^ « ... itl 1 d^lli L.<-*-i<^ ljub cjI^ 

fi 

<L:^jJLil ^J-A ^ 0^3 * 4j^jJlJI ^jA ■"•<! l-.t->^ aJLC. J^f (^'2) 

4^ u^'h a + b —^ c + d + g + h Sjbjul, cjLa-xj^u^ (J^L^ (^LiJi 

.jii^l j 7 l.t^laiiV A ^ miM (jV ^Jja ^jL^t .i^|jj[ 3 .^ g*nl 


Sii 


f 


? 

> St 

1 ^K Ml ^j-a LaJj ((Jj-:^ (j5 wj lI^Lj! iu an *4 

4 ja^j ^L^JI j •" ^ Lr^ ^ j* ^ IjLal^l ^^j^lta (j_Julj) (j] <. vLil.1 

A tr- j-ifuIUXl (^j-)JL.a.^i . ..-^U ~I \ 

4-j>-jjJl OjL^ L^ai^j -j *“ 11 ^jjjLib ^l^^->.1 l^Li. 11 >J1 jj-a-z^Tu 


t-^^UaLlI Cj'^ j t “U C.uL^j LdlJjb .~il l^U^t \ CajL^ (^^—A>^0 

^ j "■ yj (jL3 i 1-^L^ ^LLaJI I JUb . Luajl j-^l 1 Ig 

^Lc.1^ * "*• "* cUVLaJjjVl O^L<.alt uJ LfJljjV i4.^ J^ \ / <^lj-C.V 

\jJb jj£^ 4 ta <^~tl pj iM :^li a a Lai . La L^L^^ 

ij-ULA d^L^ ff4 j ^ j S "^tl» ol a j i II ^t i.£llj . IJl:^ pj ^a a 



loUliZiUbu 


^ 1 ^ 1 Ijljju t ^ <L^^LuiJl CjI a_i i 

9 

^ ^ * jJ^ <:>-jL^I CjL4-J_1_U.J>iJI t- a 1 \ [ . ^ " 11 i . 1 

jj t LaLoJ i (J£^ 0 ^^ La>,Lif. <i.^~i!l 4jl»r, .^jncu-lII l^i^tj 

^\ intermediaries cjL^L^j-l^j ^ s*^ ^a 4 j^i i n~M c^\ 4 j <» -^tl 

<Ll4.uJJIj L-OjUDjJ ^ji~ A lLIIIA 

tUtU-^1 1^1 A JL^ L7^^ <aUI llLIj 1 (3^Lui]l 4JtU1 ^1 juui^Lj. 4^L^I 

Ijl^ ^4jj CjVL^V ^ ^\'‘>^ A Cj^ , ,ii , 11 “ 3jx. 4 j 1 a ^ijA 

Ijl^I^ Ij^iJl2j 1 4 j 111 *>. d-4-1^ • \'iC 4_lo^ 4_^l.^l >.L^d 'v 

^ *** 6 
I U 11 I ud^a ^!i» ^1 <;j i (i-^l^ .^Lc.j_t^lj 1 ii 11 \ ;juij IjLft ^jSJ jl 

Ajjj, I ^ OjL^ ijj ~W CjI j 

Ji V AE ^LL jL^I 

. AE At ^1i ((t>\^MJI (^jJl tdlj 

j_7e_i i"'! *1 ■.. '^tl l^nl 4_j_>.Lj 

4.dj^_L:^) ^JL^ .4_i^jL4 Cj^Lajj! .-"tl 

Li)j-%JJ1 4 -j_4^j 4_^LIaJ1 b.^^ t(jo^-jLia-j>JI CT^ (jLaJu^ Ljtiji^^ i 4^ ( jljJoVl 

* 5j„Lje^ 4i^ Cj|j ^Vl 5 j^Jl d“iJI t“tl ^ ^ ... . ijjJI ^0-4^ * '<^ a A 

IjlSLAJ •"-a JL3>I J ^ l)^ ^-LjU^J i^C-J^VLj 

4J1£LII 4j^Jl_ 4_1!1 ."*1 ^ j ... ->»tl l~A >1 ->-1 ^i-4-Je-*i11 (3>^ ^1 L7^ ^1-^ 

4j ^53 ul~^ Lai .^LL^l dkd_>J uLIL^JjI <I'WJ 'Tr 1^11 

.u -^W dl~ ^ LT^ (.^ (J^ l—aLoJ d_=c-^ '*• “II 

(jOLa (JAJ cLajL^iJI Ot^JuJI ^ « Oj 1 1*! a (JI^JlLIJI 

dUUiOi CjLui^ ^ ^ h ^ jjljJol-L} ^ t->i,... t \ :.^^A ^f. L^Vl 

b ^ ^ *j^ ^ Aj j ^ L ^..^^*11 ^.jO^^La jA^I ^LLaJI lLIL^^I ^lo^jj^ lj' ^ 

4jU ^ll Aa>>Ll]1 l5j^J A u? 0^1 t il . ..'^1! 






1 j t Hi i -v I JLC.1 I II a j-iZju (jL^ ^jj 44 <j t 4 4-^1-j-iidl^ (JjJLoj 

jj_; *v ~A\ d .^i" a ^1 Ja CjI j 4_allL>JLI t Lj_^JUj 

dJ ^Lj^I 4j^jLdl]l 4"<1 ... ">.T1 (4j^ Ijl^ 3^3 

.IajI nr 1 j 

1 a. Uf jg itJlj j^CiJl 3-1^ 4j^, \ rt"Tl Cj\ g j mi ^jU 3‘ '*' 

^1 4_1j_S^>J|j . 1_^ ■un 9) ^j-g 4..jj^-d L^i^' d j ^ j 5 CjLjjSLa 03^ 

^ J ^ d I ■ ..Ml t *»- . Lgjl J J 4j^jL.d-LJl CjL^ g^-i.ii_>tJ 1 

4"tt ^ ^ ... a\ . I J t*’4 • t \ ^1 . ,.j 4_j^ ‘ ">J J_iJ>>J 

4^ljj_j^l dJiiSLJt 4j>-ljl j^Lj 1 4jj-)Jl^ 

1 g* •>- 4^ljyi lIHj ^ ~ - 'j"' Lt^ ((4-:fcj^-i^JI» 4-gu-^l 

^ d-gj^jLJ 3jLc.|^ IJL-^ 4i glSLa 4 j 153 t 4^L4 j V 

^ d * ,‘.‘ ^'‘' «=Li (JL:^I CjL^J^ j 4i^ cliL^L^ V 

Juul ^1 4.g^jJI (J^i^LdlJl djub t ^ LLA LLISL! 


<MLi( I liit^ bJt |S^ J tjfi 4 S’li^gJI 

L~_^ 1. A 4 _i.jc_L.fJ3>jj LbLlg-o^j jj - - 4.^_>-j^-giJl ^L^nXI 4 j_^J^ 

4j^^laj dJ^^4^]l (J^ (3^ L7^ 

iCjL^jl^^lil d^^lbLLa dtVLsc-^ !d_j • g|j jJL^I L^l ^ ^ • * Cj^L?B_g d.,.. ■ ..j a 
oLgjj-u:^ A ij3J3^3 tCjljjjLj^l^ 

Ilia 4.j^I^ 3^ dJujLX 4^jj^.j^ kljl^Liuj^Lj 


J 

(^1 iJ\J CjI^Ij d U . ,.l ^ 4*-.^“ . .."i ^1 Jl>.V 1 (j1 cili j . liujl^ 

Cjl^Qjl dJJt 4^jL^j~ijgl^i Lsja CjVL:^! (J>^ JjJl^ L>^ 

ljub ^J-* -aU 1 Lig_u3j \ a\ - ... 'wTi K JiLCj ji d . ,..iti t jji ^^^iciiii 




(oUl iIiUIm 


n ‘^"^1 4 _j_i_uLuV 1 lIjI^LIJI ' icdal^ CjLcISIj ij j VVI rtll 
jL^Jdl Luaj? (jVl 4jl VI iCjLoKLII JjJ til {iJt J^^JU .4JUJL9JI 

4_i_d *'■ • (^9.3^ ^3^ *** ^ ^ ^ iL^ I I I.J. I d . . ..1 ^S)\ cjI^^LIJI 

j_4^ - ^ J ‘" ^ ud^-lJ 4 j 4 n ill 4ijal£LI1 ol^LlJI 


j-dj^ 3 S J 9 (—5_’ij-a> ."11 ijlllj CjIjj) CjL^jIjSill 

^LlJl I <—fljL>JLj / Qja Oj"' .* 3 ' ‘ '** .^tl 

LLA CjI 4 KII j»jL5EJ-i-uJ . ^ J W J Y (^J|_^_>JLj (J^LjuJLIj ^jj) 'W <*ii.l L-OJJtiJaJl 

* 314-^*^' L^U'V- IjLiJa^ Lc^Lii'KJ l4^t.ti>. (J.4 "|I 


l £^I ^LijjJ 4 J IiiLi-uVI cjIjjLUI (9.3) ((4^j-^ 1)) <~»1 U U^t 1 ^J!l4-> 

t(jj ^\y (1>-* ^3J " 4 I (^jJjlII ^<i_(-ujJl t rt J ^ 

(jl 4 .ju»L^ 4 j Jak>.V .(.Ll 2_^ Lrjl_jj_A5%. ^ji\j CjI^Ij u^j-^Vl j&j_uj^l >, ..a. .iua'j 

cllL^SLj 4 1 ^J£Ll 4 J ...I .,.V1 CjLoLo-sJI 4 g.J ^ a t d ^^LsJI ^tu-u^l 

. q-\-q + g = Oiq + q<r^giq<r^q + g.q<r^q + g :c^l 
C4-1I!} t "■ «I V ■ Li. 1 i>tt q ^ ^_^l q j t(jl j-'-**-!' Ijla 

Jlj^j L^ 3 -^ I J-" ^ I CjjIj J.^jj (^^1 jJl . tl!jl_jSLll ^ ^ > Lt^ 

. (9.3) (JSLi 4ji^^l cjljjQJl jJSL! j^ljL^ 


jjLJiJi J.J-4J (9.3) 




Jl 


-^LalUk_41 )> 


^ ^ ‘ * I ^ ^ ujji ^Luj^ ^1 - '3 ^ ^ lJ3^^ *^4 ^ I < u I ^ . ■■!. .iVl 

^IjJl^Vl cl^lj ji-V 7tA ‘ 4_LtL. u t_i 4 “ f'a- in ^ .^"lAAs i>^IIj 

^*^^3 ‘L)3J “^^VI I ^' 'I J (J7^^ ^ 4J.Sb_(^l i^^\-lm2 (_^I 4_^j_^^1 4 ‘I'lr Mill 

1 JL JK . ^ Jl* ^ “J I ^ jljLiil^ olSjljSLU U! ,^L.Vl oLuiu^n 

." 1.2 

(9.3) i"i (_yJ3 ^ U jU ^_ijl ( rt i . -J jl :jji_uail udUj 


.Q"*" H" Q ' + y 0 ^ Q^ + Q ^ Y 3 Q Q Y ^'^vlsijVI 


.-1 




+ 


v± 





i j • 11 cZjIjjLIII (9.3) 4 j d i^ll ( rt < 

: W •*■ ^‘'^ A 4_^L>ijI Cjljjj)^ clil£j1 ^ jLi.u^1 "‘^ 

(u, c, t) <-^ ( d, s, b) + W'*', (u, c, t) <-^ (d, s, b) + W, 

(u, c, t) + (d, s, b) <-^ W'*', 


\ 


/ 


s / g 

< 

/ \ 

\g 





(u, c,t) I (d, s, l) 


/, C] ^ 1 I i~4 ^ t .Aj^ja-d ^ I ...1 ...Vt ^* r ^^.3) 

Z i Y ( g . 1 i \. t . . \ j ■ ■~-'‘* 

jH A . m .1^ Z ^ ^ ^ iJJU^ /i~>i‘*j-. t J ^ w 

.<jj)in * iii'V Q 3^ jJ 1 . W ( W (jiyj ■>% i ti * 

















loUlCiUbu) 


lLUjlj ^ ^ !y) (( I^i£La^)) ^ '• ^ j 1 jl£u^^ 

. b i s t d cjL^jI^^SLII (Jj-jtjj (jl i-LiL^ u llIjI^^iSLII ^jl 

' ^ J ‘ " J \? ^JJ ‘ ^ ^ ^ ^ L7^ ' ■'*■ ■ ■■' * d a\ j^Vlj 

,b I—iL^jJI t J 1 s e-iLbjJI c id c-sLftjJI u |JjJa_aj 

4j i~u A ^jj)"i ijl (jlj^l (J-ii-ol |«-t-ujJi t 

; W *L^I (^jj>i JJ 

r^w + v^ , / + ^w+ + V/ , 

W ^ /■ + v^ , W+ ^ /+ + V; , 


f^\ C. ijJisLij —>.^1 *4—t i j t —iJaJl —i^jJI . / — C, |X, X j ~v i IjlSLaj 

^-a CjLa^j-IjPj-jjj 4—jj -x- At a ol—Jj)~ cIjLjSjI^^ 

. I jlSLa^ ( V ^ 4^ V^ + Z j / 4^ I -\- Zj ^ (j 4^ ^ + Z '.(JjLiLm z 


4->aj£[j!fc-d £i^Lc.f j 1 .^11 «Lst.ju9jJLl 4 ^l I n\ i hVI d ^ j • .>iTl elil^LlJI 
tj-j.^1 Iti jULi 4j^ culAII jl.i L^ Ciijl^^ 

L^L:^ IjlA U IIL>^ ^ d^"*,* 4 / -y miH IjUJl.>«j 

^ ii L jjj^Llil , ^ i4iijjL>Jl 4j^paiJl (_3^r I 




lLiLiLo^. ^ ^jjo 3 ^^-aj 4_seju3jJLI 4 .j_ujL_uVI 

(J-* ^Jl3 LT^l ~ OJLH^I ^ ^ (J^^ • 4jiliitx L^ 

^j-a JljJ_iJ1 jjIsJLj Jl^jj . C + C 4^ |J. + |J.'*' :4_L5e_liJI V a U-I'J' -* ^ 

4_lj.uJJ1j L^ ^ V cliUolaic^ 

j (jl 1-i-^ Jl_i_>J| ^ 1 jjU J-ij-US Llib 1 CajIj (jl LcJ 

.^9.4^ fciijtl (_yl^ 4^jJI 1^*^ ^jl a JiaJa 







£ + c —^ |J. + |i iiliLt \ »jLU ^ ;^9.4^ jj5Lui 


i(L:i^i JLSj t intermediate ji) (L^l^l) 

ol * < *Jt ^ L>-®J I d ^ La (JSJ i Z I jUj mj Ijjji^ J-^'^^3 

f 2 •* 

*_>-n.uj Z ^4-1, 0 d_....i iia 

(j-iiLlJl) jJlj-ll 1 ^ ^ jd (^Vj .3 fl Z ^ (—"i "^1 

:3jja^l (_yic 

0 0 1 

propagator = [ (energy) - (mass) ] 




'‘mass” 


W ^1 (J2hl\) ^1 4^LL ^1 “energy” 

(^t II \ 4ITl^ ^t->j ...jj tl fau.j>%.!l 4JJ1^ ^^1 

^JjoLjua 'w tjL^ ^ 1Z N1 4lj£[Jl ^ < i \jJlj^ 


amp (y) = e^/ W“, 


amp (Z) - e^ / (W^ - M") 


c^Ij (j-ud-i Li£^_2j I d ^1 ^... jUl i*_ tij c, 3 j t i^Tl ^jj^LoJt 

4jLx4iJl Jl^aj 1 W<C<CN1 <d .^i^ CjI^LL^ JlI^ AjI OjUiJI cjj^ 

i I JL>i 4_JL^ CjI^Ucs JlI^ Laf . l^Ldjjl (Z Al^-ju^iJli) d • .>>!! 

JlJI^ 1 f" tj t-_fllj.j_c.VI .4jjjLi>a Ld-d jljjSo ^"t • t uTl ‘ 

W LdJLtC. A-Llo^ 4_^L^ V ^ V d . yL^ L^Uj .^Tx ^ Z 

. 1 ^ ^ < 1^^^ L) j I 4fl L^J I t_iLL jlIc. 3 jj^ ^ ‘^ I ^Qiz, jj t = N1 



|«iJIC«Ubu» 


j 3L1L! Lal^ 1 ^ VI (j-u^ ^L^) ^JIIlII ^ ^ ‘^J ‘ ^ (j| 
4 _lj-uJJLj Lai - d‘iji S^U Jjla_L^Li^Vl L^Ij • ^ ' -jt-*! <♦ jjLJI 

^ J 

W ^V jLoJu <Jii !• .>>11 diLt-uiJI ijL^ ^ d^i11 ^L-LaJI cjI^IajlI 

LuajI t ^ * .^^^^)j^-uillI1^ ^jJI^I ^L-La 1 a~'>- (jl^^ln'i Tu 

(jl 1 juJ_>»j 4_Laij jljjV C + C —^ |1 + jj. 4 —lLo-jlII ^^1 “< . ..1 

Ja-Jj i4_dj_i-uaJlj dim t-L^i I • ^9^ *d I■ .ii.j.v11"> 1^'t <n ^^Liilt pi ■ iidVi 

jJ^Liii jl ■■‘jii *4 -lS>L». 1 I cj^L^L-dJiIl 'i p- 1 g “u^ 

OjLpd)-^:’ ~ UlP^l ^ij L^ (Z uij^ j' L>"^' Ojj^ (9-4) 

JSLii (_yl£. ^a_i_o ^1 (jLua-a 

“ '-^^jj (j^! o' (id>^' t ^Uj it . yi pj< . i> t (9.4) 

udjl^jSLll^ udjI^^SUI (j-SlJ ji^" < ■■ jt . i ^1 L‘ 

. VjL^ ^Lul jLuall 

J 

j > ) ^_j ir. .d_£3_3 (l>"^J t.^1 5 i) Ijis 5jj_L-aJI 3 t“*l T*»J ijufc i. I 

L^-iV t^U ^ n I^ ^jLdj Vj ^ 1 p * 11 jLdJI ^ 11 p^ ' V 1 ^ 1 LMifl 

4 

cJijjLjJoI CijlA! ^<LijliiJI ^ 1 ^ ^ ^jo' ■ 

. ^d n^9 L>^ ^ 

d^^l >UUV a p-^J aj d^_>-uLujVl (jjJi > 

pj . *Ltj". (_p.>i-) ^ 1 p^Lu-aj ,j£.L^ 

i~<l U U-^t I Jl^I L-j_. (9.5) JSLiIu d Ijid d i dL-Lol d 1"< a I t 


dJLC 


jxT .U £ i U (J-^l |J^ —^ ^ "^V + V (JljtlJl 

e M 


1 UU^. A tiJLiJl J_ZLc^ tC + C"*" —^ 3y ^“l t L^jJl d_ujJl ^j-a [“liA 


d^L^ d Tj ^. ".* (3^-dj _i_ Y —^ Y + Y t#.^^_uaj ci4rLuiurJ L^jJ! d *jj-3I 

^ oL^Lo.^ L^l jl uliLAa.jkJI dJL^ L>^ p-^J LuajI 

. ^ jdij ^"ill^U^H jjL^ ^1 dJaa-^LjQ 







A r. A ■"«! / U^ (jL«J^ ^ ; (9.5) 


CjI j ^ *J ^ .-tl t^Ls A ^ 5 ^ ~ t t (^1^ t*\.tJfl>Vl 4j^i^ 4—)^i 4—49 (^1 

^L (OIj^J^ ~ lZjUjjJu^L^ ^ -1 ^Jji l ‘fr A 

4-4jL^I '"' ‘ ^ cliljjjjL^l ijV uiJJjj ^CjlLiia^JLI tilb j ^ ~ 

ttjuLjj-il^j cjL^jI^^ djL_i_2.jo oVLv <**1 ^ j... i aLj. 1 g 1 

^j! cjjj i>>!Ij nJUm Jj-j-uj . I j. j ‘i ^ ^^JL- '^J V 

Lu^l L^iSJj Ud 4-tl.^IJ lI 1 7t^ ^IjJ 

(j-oAj L^ A ij t i_Uj| L^jl^SUl (j^ (CjU^jI^I jj-a jIjlc.1 

cUL^jitU ^jjo t_^l I tu^l ^ JL^ . IAj iSS i dd t uu kjusi^ t4^<UI 

1jUiJL>«J cljLj^Jj_^-^ 4 -iL>>IjJI 4_iJ-Lll ^, 'Ij t" ^' 

^.‘J^ . L^La. V <1 ~n - V ^ 4t (J-uf^ I i^lL^ 

ei 1 r.,[ \ Cj^'LcLdlU ^ ....Mil SjuLd olj (jLg m 4 «-*t Utl->-^ & 

VUlq ^ t ^ ^^ i“tl U>U>-^11 Vl .oLjjjjub L7^ 

(jl j_j_j^l . K^ —^ TC + C + V tJi_i_t_uaJl jJ-lje-jJl j_j_j_c,l . IjL^lj 

* c * 

(Jj ~i4 \ 4j. du j cJLijJi ti)j j ^j ‘ ds ^ 4lf.Vi j_A iJjLa ~ftl K 
— <L_d.j_ji_i^ LLA Jljk^ .(9.6) I g ^ 11 Vvlc. J_C,l_i_jJl 

L^ I . ^ ^ ^ * Cjt_jji ^ “tl d L-fJ.) 4-^^ Jg «n 1 ij ^j dl^j , i\ 45 

^jJJl (J^lj 1^* J'^> cLiJl^o 4j^-^I Cj1j3QJI 

.71 j K^ L^JL)^^ 




pUICiULu) 



i k^ —^ 7X + c+ ^ ^ :^9.6^ HI 


V»»dL>W»iiU^3^USj# 


JJJL3.. Ig JUJljJI jjLxjj « <j-vLc.Vl ^j->J ^JbC. 4jjJaj J I 

U* i^.JIJ j 1 LiJ^^i_i—UjJ« 1 ^ 1^ fj^ Jl 

llil i 4 C. ^JL-oll (JIJ_i_uJ1j . g i ii t 4 Ml ^ jJI 4_lajb.5UI j j"u V 4 _:kjJLj 
4,j.buLml CjLjLj^ ^Li-pl ^1 t3 ^^h.u-*q 5jj) 1^ > 'aL^llJ 4 JjL^ 3jIjLI dul-^ 

_SJl I^jja CjIj-U-uJI Ji-I_p < U TT 1 4 jlc. ‘■‘~‘ ^ > 5 1 i ^ A J A 

Jt~ ^ 4 ^Lj^u£L!I CjljjJl (jf J-^JJll ^j-4^ .^jjJl 4-%J-L^aJL 

4.^Lj-^Q_j^i ^juJI CjU^^SLo L^IIL^j t»1 I I W ^ J - -t "■ I 

CjI _(_yJJ (jVl Cjj—lm _^ JL-il 4 \ 1^_^1 tjl 1^ i^Vl^ .CjUj^^j) j ij 

c-iLb-bui jl^jJ . L^Lijii_aLj cjLjjj^j oL>j )“ . j jU lj 

lIjI c j Ub^jl 4_^4 j1—^ .Q 4JjL^ (Jj^IJlII ^Jl^ Nt S “ <r M t 

jL^ cl)^ ^ ^ ^ ^.yJ 1 ' **' ^ I ) jl^ ^ ‘ ‘ ^ ^ ^ » 4_lx^ Luj ^! 

4 a (-dJj n-dJIi f^jja JjljI ^_jJj ^^j-suLl 4ijl^ L^l j (Jj^l jJLl 

4_j_2 —lLs ■ ■■ J ^ 5_1 . \ \ ^1 4 ll J o 1,1 4_}l ^ *j * 4i^.^tJ 

, a \ 1^A i A 1 1 !^. t«>A . J. ^ 1^" A C7^ l3.y6rccl 






5, \ -wj ^ ‘itL (^4 III “ill _ cn i "ill ^h 'v^m (J:f-^ JJlX. ^J!u_AJul 

> n "irr > ( 1 1 111 4 til Jjlj-lll ^L^jJI (J-^ <4 

Cjlj^SLa . identical 4^L^ILa jJljJ (j\JL4 (j 

J ^ 4_iSLi_i_u5'i£Lll j-LaJJl u!^ * ^ L$J^ 3 * 

1^ i4.^jl^ vIjL^L^ ^ L >^3 i 4 ^ ^ 4 jl -%^1 \ ^t"il I I lIj^LjSLJu^ 

iij\jui ^_^Llj 4^ ^3-^ 4.j_i.ujJLi ^^QjEr4j 1 jLL 1 1 jS^-a ^ t4^Lj.».t5t^ 

' ■“ ^ ,JJ14-Li ^^UJ ^LjJI Cjljj 4_l,l>iI jji _I^ j^i “II 

James Clerk Maxwell Jj^-^^La o^'^iy (JLJl 
ul^ ^ ^ ^^CjIjjJI 4^LLu^i^i 
^1 cdJj Ijja Vju (, 1((L^.^ i^yiJ^ 4« .> ^.UTI i&Ltu ^] ^ 4*4 i3 V 

4~1 ^ i. ai^ .((.*.4ij lUn jaLtixIl jl^^.2jj-ul)) 4 -j-a>. 

1^ Vjlj 4 - 1 .^ t^’^LskJ Jj^^suoLa t3t^U LilLut .^cSLli IS^K.i.^ 1^ 

^jOAllibjo jl>-j IjI .4 j t"tV jC'*:*! 

^-il^ 4 j1j 1^^^I ^L^J) (j-aAj Ijl ^ 'I U^A V 4 .Ll.1^I 

t ^ ^ J 4 li U*l,l ^1 ^ t Ijuk - ^ 5 111 -%“ A 

4_i_4^ (^j£- t A J^£L4_) 4 I S ^_^Liajl ^LjJj-ujI ^j-st-a IjL^ .CjVL>J1 

»1 I ^1 IjuJlm ij t^j^ r I 4jj)'^f 1 LiiLlib ^1 V| .3ju^1 

4 uj-^ I Aj — 4 A A U *•. a Citj^-SLo L^ cjIjjJI L^ 

cjI£j 1 ^U tj .4 ^ tlU>"^ jillj t^LtJI 

. 4 5 iiU" A a ^ 1 .14 14 ] (_ 7 ^l Cjljj)jl'^!l U 3 l ^^3 4^^ III L 4 ] 


L.4_i3d 1 1 ^]^^SL4-1 (Jji-jl—4 ^^3-1 ^Li-Jl i>jL^ ^ *1 U>“ 11 4 J 

L^iSLlj i4jjm ol <1 J in '^11 1 ^J. ll^J 4 lSj}~‘ "‘ ^ LT^ 4-131 I II I t 

CjljLusHiVI -L>>l IjlAj .lIiVL^I jj 1 l 4 ~i Ldl (~i oTi 1 il 

l^ 3 ~ ^ j ^Cll ^JLj ^.11 4j^^i^jJ (L-JLc 1 — 4 J ^ i• “' V jt^*tl 



foUlClUlAD 


Mill . 5ljL i >J.i t-liVL^e^j o 




LljVL?>ti,1 CjLc^ LajLu c Li j ^ j ■». 4j^jV1 

* ^ 1 t/**" ^ ,t i 

0,.V tr "j ■ ii~i (jl 5^m ^j1 IjlA 4 La 4l 

4 acSDI JL^I duji^ i~i a>.^4j . ^ \n^ "nj jJ^ L>^3 1 ^ m\P ^ ~ 

IS^L£L^ .n t * < 1 j- ^ ^ A ~ H ^1 . 5Jl i 0jj^ ^a ^J^Ljuii! ^ ....La Ijj,^j IjLal 
1_^ \j^ t~^ CT^J^ ^ ^ i1jL.L>. 4 S S -y.\\ ^JJt JL|_U_>0 La LlILc 
4JjL^ j j ^ aLj 4 4 > t Stl CuIjMj Jl^ -1 • " . ..Vlj f .■^ • " ti 

(—d^_i_u L^lj 4 _L>^..j 1,1 Lillj i^jULI i^JI-aJI 

E = mc2 4 JjLlI1 ^^\ Ll^Ll^I^ l^Li^^VL creation cjI.l^".,,^! 2LA^ c a.uaj 

5jLo (jr^ (JjLdil 4 jUr iSjLa (_yjl ^liaJl Jji^'v"! 

jmi Iju^ . SjLuslII 4jLIIj) SjL^I] fLiiJI ^ (JjJauAil JLllI . 4^LL3 ^j 

» 

l)^ ^ j ... dt^L-C-L^ j! ^ ^ ^ • LqLcJ ^jL^J (JLua^ 

aLilJI ^t^Jl ^a.^'i^s" ^1 t I*»J CjV^Jblil 

^_yIi-3L^ (_^ tp i II ^j -0 Ij^-rtJLa La ■ ■■ 4_5L^1 jt VI 

i J^LAJ .(j^rL^ <lij *t Mil ^^^1 4 J ■ 4 I^1 4 ^ ^ tl 1-4 A J , » ^tl ■ ..J ^J_>. 

^iiLa . ju jLiJaj annihilate » ^ » Laj-i^ ^4 jSj j ^L-uii 

(_y^LK ^Jy^ 4 jKll 4^llaJl .p + p —^ Tt +71 LiUli 

uj^LcLii i^j£. i^\ (aLl^yi) JjjJ-II t^M-cL^ ( ^1" ->"1 V .5jL>>Ij ^jLjtil 

-iLi Ijl ij^S/l 4 ^ CjLc-Li-u:^ L^^ ■*■* ■ ■■" 

^ Vjl ^Juk 4jLj jLaIt£,Vl fJ-(Ja^ t La (_|£.Laj ^lj-> jj ^L> 11 .Ual . ^ (JXaa 

IM 

.4jlatll 4 j 1, nr“ III 


I ft ^ l j_- > i > j 1 1 fl d~iII li ic ^^.u.v 1 ^ ^jLlI 4ti i<^H ijl^j (innihilcilion j^jJI (*) 

• ^ I ^11 i"p| ^^1 l+^->i-j ^ - Lik^Li^ 3 v« 3jL1I J" JIAj^ • 







Lo JL^I . i . J Ajj 1 ^ A V Aj 3 jUI l i1.L-?^"...I 

^1 l1>A a ^^ * UjI 44.4-J^^I d j"l j d J 4 ^aL^I 4^V1 4j| Jj-U 

cjI^J^ ^ ‘ oVL^c-d '.jjuidj^l (3**^ LuaJL^ "t-^-^-t 

4^1 j oVL^ jjj t «_> I" dL^Ji jjG j^jl>. JL?t-4 

*3 * ‘"■^ ^n j' l 5jLiilj 5 jlijl>. iJ1jVL>^ J'“"^ — ^LIoJ 

i jLa j- 4-^j t4j^j^ ^ <^< ^JLi-j 4J£^ 1 jLib II * Ij£La^ 

^AJb jl l'A.v -a." ...1 LjjlcLu^ 3^ ^^ cjIUU V a S4-2 -j_2j>. 3 ^^ ^ 

cUL^ ^1 4ji^jL.22!i ^ ..^tl 3 <J^ d_^. L AIJ d^^^ L-tli^^i 1..-S. 

<S^ * ^4-L^J t Iju^ 4-a>i^ AJ 

SJjJljlII ‘ ^ t*tlUt^-^ A d IU I4-" J!L4 -i d I" ^ Cj1jLi_uja 

d j ■ ..i . ..Vl jJl-*-3^l ■'iiij thjJ^AJ j ^ ^jJtaJL V IjLib . L^ j..j^ r>^ V 

J 

djjdidaJl (_jJl • JjVl SjjiU vertices Ijj jlIc (±jljL3tl.^^U 

^ tJj^"j (j^ <4 j^j I tirHSLlI 

(J“^ CjI 4tj4 u 'w ajJuju Lo 03^ .liaia CjVLfcj 
JL:>JLI jLL^l 4.^1^ 4^jJj J^-j-uJl 3^ • 4_JL3 e^ dJui 3^^ ^1 

t“*l ilj.U>.>.l ^1 4A^j^4i~tl,l CjLIjJo-iJsVI <"■"4^1SLa| (J^iitJu 3^ 4-iS[j 1 
CjL>>^^ 3**' ^ CjL ^^ (Jjielij . 1 jSL^j 1 l-d>j3lS[jj L^jLu:^ jl -d «dj A 

ciJLlj^ (j-j' ^ d ^ V i ^ 4jji^ ^jLJb 3^ -t A.^l ^ J.AJ 

.CjljLijiil dJufc (_yl^ 3^^ t-5' L7^ 0^ ^^Tr~n 3^ 

^1 ^ ~ . mM t J- j. ... a~ 3'-^ 3^ ^ 3^'*~ 

.((^IjlU Liil j)) 4^LjUaJ L-udLaCJlJl 
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L 43 (JIIjLjjmJI ^'^3 '1 ill CjIjJLJI JlIL 4J 4_«_ujl3 4 jU«" 

.(JUj 4lj3 




JJ)U < M l—dijll 


, ^J)"< i u }j^ 4jLJiL?CJ |jLLi-u1 ,Jj4X. SJC 

4j^^i^» t<(4jl dj j.jj^l» L j l!G LiJjLiu ){e 

.^^^'^'\ ^L£. 56c 
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